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TO TEACHERS AND OTHERS. 



Sunt ^fvMtJib^th anUi fn SUi$ tit 
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No. 9, North Pourth Street, Philadelphia, 

▲NO XOA SALS BT BOOK8XI.UBR8 AND COUNTRY MBRCHANT8 «£NKRALLT 
IN TBI BOVTHKBN AND WMTNRN BTATS8, 



TOBSET'6 FBIMEB, or lint Book fn CUUraa. 

TOBJLET*S SPELLING BOOK, or Second Book for Chikbea. 

Those Teechen who are not altogetber prejudiced in farour of Webitev, will pleaae examine 
tide work ; as numerotia Fieeeptoxf} who hare oaed it in their Sohooli, give it the preference 
OTer that and othen. 

TORREY'S PLEASmO COMPANION FOB LITTLE GIRLS AND BOYS, blendiac 
loetroction with Amusement; bein^ a Selection of Intereetinf Stories, Diali^nes, Fables, and 
Poetry. DeiigBed for the use of Primary Sehoole and Domeetie Nurseries. 

Preftrred generally to Murray's Introduction, and works of that class, by Teachers who hare 
firen it an ezaniinati<Hi. 

TORREY'S MORAL INSTRUCTOR, OR GUIDE TO yiRTUE.~Letten of decided 
approbation, from several of the most eminent statesmen and heads of colleges, academies and 
schools, might be added in favour of these books: but the compiler in preference, earnestly 
requests that teachers, parents, merchants and oUiers, will examine for themselves as soon as 
practicable; and in proportton as this is done, he indulges the belief (from experience) that 
they will be generally^ introduced into schools and families throughout the United States; and 
that consequent to this, the intellectual and moral improvement and virtue of the present and 
future generations will be proportionably advanced. 

This and the preceding works have bean generally introduced in schools and academies in 
riace of Murrav's Reader, and other similar ^truika of domestic and foreign origin. It hae 
Men tb0 special endeavour of the compiler, berades adaptinf the lessons in his books progres- 
ihrely to toe a|e and capacities of the learner, to combine entertainment with useful instruo* 
Ikm. He has inserted a considerable number of lessons, designed to impress the mind of the 
rising generation with a just abhorrence of the prevailing custom of using ardent spirits, which 
is inoDably the most destructive and extensive moral and physical evil that ravages onr 
Republic at the present time. 

**Dr. Torrey*s works abound with admurable Lessons, in moral and phvsical knowlet^e. 
which the old as well as the young may read, with jdeasnre and profit The best feelings or 
our nature are encouraged and cultivated, the purest princifdes of morality are made plain 
and attractive to the youthful nnderstanmng, and every thinff is explained with so much 
simiilicity and perspicuity, that every reader may eomprehend uem." 

6M1LEY*S ARITBMBTICAL RULES AND TABLES FOR YOUNG BEGINNERS. 
This is the best work of the kind now in print; but Teachers are particularly reouested to 
ttamine for themselves. 

8MILEY*B ARITHMETIC, or the New Federal Caleolator, in dollars and cents. This 
work contains, among other important improvements^ Questions on the Rules and Theory of 
Arithmetic, wnich aie considered by Teachers generally, very conducive to the improvement 
jf the pupil. 

Although a prejudice exists amoogsorae Teachers in fkvoor of the old works on Arithmetic, 
yet the very liberal pat^nage which this work has received, must be considered as decisive 
evidence of tiie great estimation in which it i» held by most of the instructors of youth. 
Upwards of SOfiOd copies have been printed and sold. The sums being altogether in dollars 
ani cents, gives it a decided preference over any other Arithmetic in use. The most distin- 
foisked Teachers of onr city pronouiee it superior to any other like work ; therefore the 
vuUisher mnoerely hopes this useful improvement will owraone the prejudice that many 
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Teftchen h&re to introdoeinf new works; paiticiilarlj thote pnupbon ynho wiih to diMhanv 
their duty faithfully to puront and child. 

Amonf the oomerooa flatterinf toatimoidala of ha aaperioritjr arm any other now in oae, ia 
Ihe foUowinf , from gentlonen who enjoy weU-mwited eelebrily aa inatrueton of youth in our 
eitjr, aa well ai in the New England Butei. " Philadelphia, Sept 18, 1889.— We hare ex- 
amined with care and attention the *New Federal Cafeulatar, or Scholar*! Aaaiatant/ by 
Thomaa T. Smiley; and have no heaitation in prononndnf it an excellent Arithmetio. The 
arrancement ia good, and has evidently reaultea from the reflections of a practical and jodi 
eioua Teacher; the definitiona and ridea are nipresiud in clear and simple language, weO 
adapted to the capacities of the yooog; the questions ara eonTenient for the purpose of ex 
amination ; the examples of a atrictly practical character ; and the book on the whcde is 
admirably calculated for the use of schools and academies. John IL Ikewer, John Frost. 
S. C. Walker." ^ 

The editors of the New York Telegraph, speaking of Smiley's Arithmetic, obserre, ** We 
do not hesitate to pronounce it an improvement upon every work of that xind previously 
before the pi^lie, and aa such reoommand its adoption in aU our achoola and aeadcouea.'* 

A KEY TO THE ABOVE ABITHI^IETIG; in which all the examples niecesaary for a 
Learner are wrought at large, and also Solutions given of all the various Rulea. Designed 
principally to facifitate the labour of Teachers, and aaslbt aueh as have not the opportunity <M 
a Tutor's aid. By T. T. Smiley, Author of the New Federal Oakniator, dte. dtc. 

SMILEY'S EASY mTRODUCTION TO THE STUDY OF GEOGBAPbY, on an 

improved plan ; compiled for the use of Schools, with a view to render the afc<}uisition of 
Geographical Science easy andpleasant to the Student: accompanied by an Atlaa. engraved 
under the superintondance of fit. S. Tanner, Esq. and T. T. Smilev, impfoved to the pteaent 
time ; exhibiting the Elevatim of Mountaina, Lengtii of iUvera, ana ropulatiott 9i Cities, 4be. 
dtc. from the best authorities. 

When we say this is the bestlSementary Geography and Atlas in use. we only reiterate the 
sentiments of many of the most distinguisliied teachers in our country. The work is particularly 
adapted for Schools and AcademioSj and Teaches who are anxioua to promote one of tho 
fno9t Tuefui and agreeable studies, will please give it an attentive examination. 

GRIMSHAW'S HISTORY OF THE UNITED STATES. 

Also, Qi(M<um« adapted to the above History; and a Jr«y, adapted to the QneatioBB, for the 
oie of Teachers, and Private Families. 



Also, Qtt««tMm« adapted to the above EHstory; and a Ktff^ adapted to the Questions, for the 
use of Teachers, and Private Familiea. 

6RIMSHAWS IMPROVED EDPHON OF GOLDSMITH'S HISTORY OF GREECE, 

with a Vocabulary of the Proper Names contained in the work, and the Prosodial Accents, in 
eonformity with the pronunciation of Lempriere. 

Also, Qu«st(0M adapted to the above History; and a S^, adapted to tfao Questions, for the 
use of Teachers, and Private Families. 

GRIMSHAW'S IMPROVED EDITION OF GOLDSMrTH'S HISTORY OF ROME, 
revised and corrected, and a Vocabulary of Proper Namea appended, with Prosodial Marka 
to assist in their pronunciation. 

Also, Questions adapted to the ^bove History; and a JTsy, adapted to the Questions, for the 
use of Teachers, and Private Familiea. 

The Editor or the North Amwican Review, speaking of those Histories obsarves, that— 

"Among the Elementary Books of American Histonr, we do not remember to have seen 
any one more deserving approbation, than *Mt. Gkimshaw's History of the United Stetes.* 
embracing the period from the first settiement of the Colonies, to the year 1831. It is a small 
volume, and a great deal of matter is brought into a narrow space;— but the Author has 
succeeded so weJl in the construction of his periods, and the arrangement of his materials, 
that perspicuity is rarely sacrificed to tnevity. 

" The chain of narrative is skilfolly preserved, and the Author's refleetions are frequently 
such as make the facts mote impressive, uid lead the youthful mind to observe oanses and 
consequences which might otiierwise have been overlooked. As a School Book it may 
justly he recommended. 

" What has been said of this volume will apply generally t» his other historical works.— 
They are each nearly of the same size as the one just potioed, and designed for the same 
object, that is, the use of Classes in Schools. 
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semovGd any groesness in language, which, in some fow instances, rendered these valuable 
eompends less useful in the Schooto to which Youth of botii sexes resort. He baa also added 
a Vocabulary of proper names aocentnated| in order to show their rght pronunciation, whirb 
H a vahiable appendage to the Historr. 
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PREFACE. 



The CoNVEasiLTioNS on Chemistrt, written by Mrs Marcet, have 
acquired and sustained a deservedly high reputation, e^d have un- 
doubliedly, contributed tnore than any o^Sast work to promote the study 
of ch«iustry as a popular branch of education. The Writer of the fof- 
loitring pages is not so sanguine as to hope that his lti,bour6 will obtain 
for Mm so lidi a reward, althoi^hi in executing the task which he has 
undertaken, his principal fnotive has been to facilitate the acquisition 
of knowledge in a branch of science to which he has paid much atten- 
tion, and of which he has for many years been a zealous, and, he 
^ believes, a successful teacher. 
' V Some time 'since, he edited a revised edition of the Gonybbsations on 

S' Natural Philosophy, by the same author, and was engaged to per- 
^^ form a sknilar task with those on ehemistry . • After passing over a few 
in pages with this design, he found that it would be more difficult to adapt 
the work to the present state of the science than to remodel it alt<v 
K gether. Upon a careM comparison of the two works, it will be found, 
•d therefore, that althov^ a f^ pages of the ordinal have been retained, 
« with but slight alterations, die conversations are, in general, entirely 
^ new. - 

V ' About twenty-five years have elapsed since the Conysrsations on 

^ Chnmistbt were first published ; and in a department of science so 
pro|[reflsiYe as that to which they relate, advances hacve been made 
dunng this interval which have ai&cted it in nearly all its tefanches. 
Mai^ judicious alterations, it is true, have been mi&de in the succes- 
sive editions of the work; but still the original platform has remaised 
unchanged, e^thou^h some of the supports upon which it rested 
have given wty with the lapse of time. 

The C0NYSB6ATIONS OR Cbbmistry were undoubtedly intended as a 
companion for the parlour, uid they were admirably adapted to the end 
proposed. The many excellencies of the work, however, have cansed it 
to be eztensivelj adopted for the use <^ classes in schools ; but itt em- 
ployment in this way has been aecon^Mmied by many difficulties, as 
those colloquial digressions Which gave variety and interest to it in the 
fhmily circk, were altoffether unsnited to the business of the school 
room. Whilst, in the following work, an attempt has been made to 
imitate the style, and to preserve some of those inte^estmg traits which 
rendered the original work so acceptable to every person of taste, the 
object in view has imposed scmie sacrifice in these particulars. A 
much greater number of facts have been embraced within the same 
space, and it is hoped that the sacrifice which was unavoidable under 
the particular views of the writer, will not be unattended by those ad-j 
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It may be thought bf^ome persons thatsereralof the converaations 
contain matter too abetnise for an elemftntaiy work* After mnch con^ 
sideration upon the subgeet^ the author htt arritred at a Afferent con- 
clusion. Although a judicious teacher may think it wise, in the first 
instance^ to omit some of the couTersations, either in whole or in part, 
the matter contained in th^m will not vitiate die other portioos of the 
work, and may be advimtageoilsly induded in a re-examination of the 
subject. . * * 

The numbers which refer to the Questions will be found of great ad- 
vantajpfe in direetine the pupil to tSe. street matter of in<piiry. The 
list of ezperiments has been confined to those v^di are used as illus- 
trations in the work; and where it has been thoo^t necessary^ some 
additional instructions have been given for the performance of them. 
The Glossary has been introduced for the purpose Of explaining a few 
terms, and introducing certain fkcts, which could be most conveniently 
placed there. It was tiiought altogether unnecessary to extend it fiir- 
ther ; as, in most instances, the general index will furnish the means 
of obtaining a more satisfactory explanation of the language of chemis- 
try, than could be afforded by a mere glossary. 
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CONVERSATION I. " 
OK THE geneAai. Principles of cbeuistrt. 

^ hiiimate^onn^jsitn of 'Ckpmhtry undMefihatdcal JPhih—pkif, . Cliemittry 
OB d Science and cLs an Art, • Anq^ent and JkfolSem Chemistry . IHfference 
between Mechanical and CheummU Action, IhJtnUhn tf Chemistry, Simply 
and Ci^tnpound JBodies, i^nalysis and Synthesis. Chemical Mtroction* 
AJKnity, or flective Attroction,, ^ 

JUrv B, As yoa have alrea^ acqiured some knowledge of the elemen- 
taiFj principles oC Natural ^hllosop)^y, I nov propose to direct yonr attention 
to a kindred branch of science, the stadr^of wWh .vill equally reward you 
for your exertions— -I meim Chendstfy, [ Xpit will -fimd this science to l^ so 
Intimately connected with Natural PhiIosopt^,»M to op^ to y«ii new views 
upon thiU: subject and to convince jrou thyl %n acquaxotimce with the one must 
be very incompU^e witl^out a corresponding familiarity with the other(l). 
Natural Philosophy explaijis the general laws by ithkh bodies are gov- 
emely kk their sensible moSlRoBS; bu^the icfeas which you form of the bodies 
themselves must be very defective^ if you remain totally ignonuit of the 
nature of the substances of whi^ the^^are composed, 

Caf*oHne. Although the study of chemistry has become very failhionable, 
and I have no donbt is sufficiently fimilshig, yet to eoi^sa the trtith, Mrs B. 
after seeing nature exhibited on a piagntteent stele i|i the revolutions of 
those immense maqses, the planetary orbl; alter examining the laws by 
which they operate upon each other, notHthsttfhding the miUioni of miles 
by which they are separated, I cannot l^lp tiiming to the-^etty details of 
the distiller, the compounder of mfdicinesi and the manufacturer of per- 
fumes, with a feeling of their comparative littleness, and a conviction that 
f they are not calculated to exeite in the ipind those sentiments of grandeur 
and sublimity, which result from the eontemplatioa of the mechanism of the 
universe. 

Mrs JB. Tou appear to me, my dear Caroliiii^ to be somewhat too imagi- 
native in your views, and I think you will by and4>ye c^fess that the little 
value whieh you are at present disposed to place upon chemistry results en- 
tirely from the limited idea which you entertain of its object. Your'aii^ 
seem to confound together t^o things which differ essentially, cj^^istry 
as a science, and chemistry as an art(2].V The latter U frequenijfy pursued 
by persona unacquainted with its priusl^es; whilst as a /sdience, it has 
eommanded the attention, and rewarded the inquiries of u^en of the most 



1. With what other department of seienee is chemistry most intimately 
^nneeted, and what advantage will result from an aequaintanoe with it^ 
/ 2. Chemistry may be divided into two departma^biy what are they f 
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14 C#XV£USATIONS ON* CHEMISTRY. 

«Kalted Ulents(5)7) Katare lias the aniTerse for her laboratoiy, in irhieh iliB 
is oontinoally employed in ehemieal operatioos, producing effects as inte* 
resting, as wonderful, and equally necessary wi£b those which belong tt» 
Natural Philosophy(4). 

The study of the works of nature is diyi4ed into three granct branches-^ 
\]^(aural j^tory^ J^atural or Mechameal Philotophyt and Chend9try{sy 
The first teaches us to distinguish bodies from eath othes by their eztemil 
forms and charaeters(6); *the second inquires into the effects produfied by 
bodies upon each otl^r, from, tl^elr mechanical action only, such as their 
gravity, weight, and motion(7);— the third, Chemistry^ examines into the in- 
timate nature of bodies^ that is, into the nature of the materials of which all 
bodies are composed(S)^and I have no doubt you will soon agree with me is 
thinking it the most interesting of the three. You may easily conceive, 
therefore^ that without entering into the minute details of practical chemifl* 
try, you may obtain such a knowledge of this science as will not only ercite 
m new interest in the common occurrences of life, but wili also enlarge the 
sphere of your ideas, and render the contemplation of nature a source ef 
delightful instruction. 

Caroline. I confess that I am already cosvicled of having been too pre* 
eipitate in the judgment, or rUther in the notion, which I had formed of 
chemistry ; for although I knf[w ttiat it was not entirely confined to the art 
of preparing drugs and other compounds, yet I considered this as ita prin- 
cipsl object. 

Mr% B, There is. a 'branch of practical chemistry '^called Pharmacy^ 
which relates exclusiveTy to Ihe'plSi^P&ring of medicine, and it is undoubtedly 
an art of great importance to professiqiiud men, and indeed to the world at 
]a]:Tge(9); but in studying cheidSstry as a science, we have no more to do with 
this as an art, than we havte with the method of grinding glasses, when ac- 
quiring a knowledge of optics. 

Emily, I have frequently read of the alchemists, and their endeavours to 
discover the philosopher's stone, and the art of making gold; pray what is 
the difference between these men and the m9dern chemists? 

Jkfra JB', The alchemists were a set of misguided philosophers, who as- 
sumed this name to distinguish themselves and their pursuits from the 
common chemists, wjiose studies were then confined to the knowledge of 
medicines(t9). ' 

Many of the alchemists were men of great genius, but their pursuits par* 
took largely of tlie ignorance of die dark ages in wliich they lived, being 
generally intermingled with the exploded notions of magic, and astrology. 
Their whole proceedings were consequently involved in mystery and secreeyi 
but since that period chemistry has undergone so complete a revolution, 
that from an obscure and mysterious art, it has now become a regular and 
beautiful science, oompi«hending in the sphere of its inquiries the nature 
of every substance found in the material world(ll). 

The alchemists imagined, that all metals contained one common principle, 

and that the difference between them arose from the combination of this prin* 

oiple with certain impurities: it was only necessary, therefore^ to remove 

ie, in order to the conversion of either of them into gold, the making 
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remarked of the persons who pursue them respectively? 
said of the laboratory of nature? 

the three grand divisions of the study of the works of natare? 
the first teach? 
-»nd? 8. What the third? 9. What is Pharmacy? 
alchemists, and what their pursuits? 
s chemistry undergone since their day? 
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16 CONyEm8A.TION8 OK CHEMISTRT. 

fittcal(90), : You wilt find, liierelbre^ Carolifle, tlmt ehemistry is no flarrovi 
or confined scienee, but that it ooraprehendt eftij thing material within 
our sphere of obtervation. ' 

Caroline. It mast indeed be inexhaustible, and I am noir at a lost to 
edneeire how any proficienejr can be made in a science whose objects ar6 
so nnmerou9» 

Jlfr$ B, If everj individual substance were formed of different materials^ 
the study of chemistry would, indeed, bo endless; but 70a must obsenre 
that the yarious bodies in nature are composed of certain simble substances^ 
or elementary principles, which are not Tery numerous(S^). . 

CaroUn/8. Yes; I know that all bodies are composed c^ itre, air, eartb 
and water; ^ I learnt that many years ago(22). 

Jifrs B, But you must now endeavour to forget it I have already in- 
formed you how great a change chemistry has undergcme since it has 
become a regular science. Within these forty years especially, it has ex* 
perienced an entire revolution, and it is now proved that neither fire, air^ 
earth, or water, can be called elementary bodies. 'An elementary body it 
Ofie that has ne^er been decomposed, that is to sa^, separated into other 
substanoe8(23). Air, earth, and water, are all of them suscej^tible of deoom- 
pog^ition, and the same may probably be asserted of fire( 24). ^ 

Emily, I thought thafc decomposing a body was dividing' it into its ma« 
nutest parts. And if sa» I do not understand why an elementary substance 
is not capable of being decomposed, as well as any other. 

Mb'B B, You liave misconceived the idea of decomp9ntionf it is very 
diJFerent from mere divinen. \ The latter simply reduces a body into parts, 
but the former separates it into the various ingredients, or materials, of 
which it is compo8ed(25). ^f we were to take a loaf of bread, and separate 
the several ingredients of ^^ich it is made, the flour, the yeast, the salt, 
and the water, it would be very different from cutting or crumbling the 
loaf into pieces(26]. \ 

EmUy, I understand you now very well. To decompose a body is to 
separate from each other the various simple or elementary substances of 
which it consists. 

Caroline, But flour, water, and the other materials of bread, according 
to your definition, are not elementary substances. 

Mra B. No, my dear; this separation of the ingredients of bread would 
be only a partial decomposition; but it may serve to give you a familiar 
idea of what is intended. 

The elementary substancei of which a body is composed are called the 
constituent parts of that body; in decomposing it, therefore, we separate ita 
constituent parts(S7). ' If, "On the contrary, we divide a body by chopping it 
to pieces, or even by grinding or reducing it to the finest powder, each of 
these small particles will tftill consist of a portion of the several constituent 
parts of the whole body: these are called the integrant parts(28); do you un- 
derstand the difference? ' 



SO. How would you discover whether a body had been acted upon me- 
chanically or chemically? 

21. Are all substances which differ formed of different materiaU? 
S2. Of what elements does Caroline suppose all bodies to be formed? 

83. What is meant by an elementary substance? 

84. What is said respecting what were once called the four elements? 
5tS, What is the difference between mere division and decomposition? 
86. Give the example. 

k 27. What is meant by^ the contlihfenf parts of a body? 
'*%What by integrant parts ? 

V 
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^Endbf, 'Yei, I think perfectly. We decompose a lK>dy into its consU* 
tuent p&rts, and di/tdde it^tito its m^^^^an/ parts. 

M^ JB. Exactly so. / If therefore a body consist^ of only one kind of 
snbstanee, though it raay^e divided into its integrant parts, it is not possibld 
to decompose it. Such bodies are therefbre called mnple or etemertiary^ 
as they fire the elements of which all. other bolGes am composed. Con^ 
pound bodies are such as consist of , more than one of these elementary 
principies(29). \ 

Caroline. Vskj v»kat is the difference betyfeen decompo^ng and ano/y- 
$ing a bo^? so &r as I understand the terms, they appear to be perfectly 
synonymous. 

JMlro JS. But they are not «80j iSy dear; foriflthongh you cannot anaitfze 

a compound body without decomposing it, ^ou may decompose vithout ano- 

1 lyzing it' The wood and coal which we lt>«m In our fires are compound 

bodieS) and are decompa%ed in their comhpstiQli; but ^ey are not analyzed. 

lATken we analyze a body, we tlo not allow any part of it to escape, but 

eoUeet all the difTerent substances into i^hich it can be resolved by decom- 

.Mlition^ whether they be solids, liquids, or airs(dO). 

, TAe object of analysis is to ascertain of tohdt simple^ or eUrtiBentary sub* 

itances a body is compose.df and the relative quantity of each, -which enters 

In info its composition{31), 

'■ There is necessarily one class of bodies which we cannot decompose; 

tkey are what "#6 have denominated simple; and when any substance resists 

i every attempt to decompose it, we then place it in this class of bodie8(d2). 

Emily, But I should .think that, after all, the chemist may be mistaken, 

and give ns a list of simple substances, irliich those who come after him 

may find tq be compound. 

JMrs B. I am pleased with your remark, as it leads me to tell you that 
it is not pretended that all tlw bodies which are classed as simple are abso* 
L lately so. Some which were formerly so classed, are now known to be 

compounds; it is probable, therefore, that as the methods and instruments 
of examination are improved, the class of simple substantees may be either 
reduced or increasad Jki nuniber(3d}. 

Caroline, I remember seeing in a work upon ckemistry, which I took 
up some time ago, that there were three modes by T^hich a judgment was 
formed respecting the compound nature of a substance; one of them, analysis, 
I think I perfectly understand, and should like to know something about the 
other two; these I think were synthesis and analogy{S^), ' 

J^rs B. i Synthesis is the very reverse of analysis, and means the re-fonp' 
inff of a compound body, by causing the simples of -which it -was compounded 
to unite together, and to reproduce the same iubslance, identical in aU its 
properties(35). When we can both decompose and recompose a body, or in 
Other words, give an analytical and synthetical proof of its composition, the 
eridence is viewed as coinplete(36). 

Caroline, Althongh I do not pretend yet to know any thing of chemistry, 
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^^ 529. What are. those bodies which cannot be decomposed, and what are 

compounds? • 

I ^ SO. State the difference between mere decomposition and analysis. 

SI. How is analysis defined ? 

53. What circumstance induces us to term bodies simple? 
33. Does our placing a body in this class necessarily imply that it is so? 

54. There are said to be three modes of judging of the compound natnrtf 
of a body; what are they ? 

35, What is synthesis? 

36. When do we view the evidence of the composition of a body complete \ A 
B3 ^' 
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I think that I can ^reeire the afte whie^ the ehemirt makfii of AnalogTV ** . | 
the word means resemblance or simiUrtty. I snppoae that^hen aaqteUnee ^ 

which has not jet b%en decon^iosed, posseases a ftrikin^resemblflSbe'in 
some of its distinguishing properties to others whiah hATe been decomposed, 
it is then classed among compound bodies(37). 

Mrt B. Your ratnark, Caroline, is both acufe,' and generally speaking, 
correct; the chemist, howerer, would not class an undeeempounded body with 
those which had actually been decomposed. .Yoa miut therefore consi- 
der the list of simples to be no other than a ea^ogue of nndecompoiinded ^ 
tnbstaneea, the greater number of which ar^ most probably elementary (d8). 

Emily, I should IHce first* to learn the names of all the substances ao* 
counted simple, so that I may understand Mmetfaing abouf them when I 
meet with them again, as we ^roeeed with the study of chemistry; I^kope, 
however, that they are nptTrery numerous 

Mrs JB, I think that it wpuld be unwise foryofti to eommenoe by leann 
ing the^e names, as there aretabout fiftyjof them(d9). A moment's reflection f 

must conrince you that in oraer to loiow them wtien you meet with them, 
you must first become in some measure aisquainted with them. I shall^- 
therefore, Introduae t}>em to you, eidier individually or in classes, as we 
examine their properties; you will thus the more readily become familiar 
with them. 

Emily. I 6wn my folly, and -^ill in future endeavour to think more o<n> 
rectly' before 1 tell my thoughts. I should be sadly at a loss to pick out 
fifty strangers by merely having a list of their names. - But are the whole 
of these fifly substances new to us? 

Mrs B, Ko my dear! about tnxro-thirfls of the whole number belong to one 
class, the metal8(40)y with several of ^hichyou are already familiar; others 
of them are not of v^ry great importance. As I shall endeavour to guide 
you systematically, I &nk you will find that all the difficulty which 
you apprehend respeotmg' the names, not of these simples only, but of the 
numerous compounds which thejjr form, will entirely vanish. 

Caroline. As in natural philosophy, the attractiqns of cohesion and of 
gravitation act a most important part, I suppose that eAetrdcal attraction^ or 
affinity^ which you formerly named to us, is equally liifluential ia chemical ' 
operatiions(4l).* 

J^ra B, You are perfectly correct Caroline, and although yon are at 
present unacquainted with the nature of most of the simple substances, it 
will be necessary to anticipate our subject in some degree, and speak of 
them as though you knew them. 

Chemical attraction, or the attraction of eongfoMon, consists in the 
peculiar tendency which bodies of a diferem nature have to unite with 
each other.. It is by thitf force that «11 the compositions and decomposl* 
tions are efrected(42). 

The attraction of cohesion exists only between particles of the tame na« 
ture, whether simple or compound; thixs it unites the particles of a piece 
of metal, which is a simple substance, and likewise the particles of a loaf 
of bread, which is a compound. The attraction of composition, on the con- 
trary, unites and maintains in a state of combination, particles of a dienmilar 
nature. It is this power that forms each of the compound particles of which 



37. State the nature of the judgment by analogy. 

38. How are we to consider the list of simples? 

39. How many simple substances are known? 

40. How many of them belong to the class of metals? 

41. What species of attraction belongs to chemistzy? 
4S. In what does chemical attraction consist? 
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breftd oonaifts; and it » bj the attraotio^ of cohesion thal'aU these particles 
are oontteetfed into a single nka88(4S). 

Mmily, \ Th$ attraction of cohesion, then, is the poYer which unites the 

integrant particles of a bodj; th^ attraction of composition that irhich 

combines the ctmatitumtt particles. ' Is it not so(44)? 

- M*9 B. Precisely: and observe that the attraction of cohesion nnites 

particles of a similar natare, withoat changing their original properties. The 

resnlt of such a union, therefore, is a hodj of the same kind as the par* 

*^ tides of vhich it is formed; vhilst the attraction of compotition, by com* 

bining particles of a dissimilar nature, predaces compound bodies, quite 

I differeift from any of their constituents. If, lor instance, I pour on the 

^ piece of copper contained in this glass, Nim6 of this liquid, which is mU 

phuf^ acidy (oil of vitriol,) mixed with som« niiric acid, (aqua fortis,) the 

\ eopper will be dissolved in the ftcid, and this will take place in consequence of 

the strong chemical attraction whick exists between the particles of tiiese two 

Substances. Observa the internal commotion of the liquid, and the colour^ 

ed fumes which are escaping. The process going oa is too complex for 

you now to -understand; but eytary particle of the copper is uniting with a 

particle of the sulphuric acid, and when tbey are combined together, they 

wHl form a new body, totally difibrentfrqpi either the copper or the aoid(45)« . 

The acid has, in this case, to overcome, not only the resistance which the 

Strong cohesion of the particles of eopper opposes to their combination with 

it, "bnt also the weight of the eopper, which makes it sink to the bottom of 

the glass, and prevents the acid from. having such free access to it as it 

would if the metal was suspended in the liquid(46). 

Emily. The acid seems, however, to overcome both these obstacles 
without diffiiulty, and appears to be very rapidly dissolving the copper, 

JMrs B. Pj this means it reduces the copper ijito inore minute parts 
than could possibly be done by any mechanical power. But as the add can 
tot only on the surface of the metal, it will be some time before the unioa 
of these two bodies will be completed. 

Ton may, however, already see h^w totally different this compound if 
from either of its ingredients. It is neither colourless, like the acid, nor 
hard, heavy, and ruddy, like the copper; and if you were to taste it, yon 
would no longer perceive any of the sourness of the acid. It has at present 
the appearance of a blae liquid; but when the union is completed, and the 
water with which the acid is diluted is evaporated, the compound will as- 
lume the form of regular crystals of a fine blue colour, and perfectly trans- 
parent(47). Of .these I can show you a specimen, as I have procured some 
for that purpose. These crystals are iulpkate of copper ^ commonly called 
blue vitriol, one of the metallic salts. 

CaroUne. How beautiful they are in colour, form, and transparency! 
JSmdly. Nothing can he more striking than this example of chemical a6> 
traction. 

Mr9 B. The term attraction has been lately introduced into chemistry 
at a substitute for the word affinUy, to which latter name some chemists 
I objected, because it originated in the vague notion that chemical combina- 

^ tion depended upon a certain resemblance or relationship betwe^i the par- 

tides of the different bodies that are disposed to unite; an idea more fanciful 



43. How are the attractions of cohesion and of composition distinguished? 

44. What do they respectively unite? 

45. What experiment may we perform to exhibit the natare of chemical 
attraction? 

46. What powers has the acid in this case to overcome? 

47. What are the striking ehaogas produced? 



90 CONYEBSATIONS ON CHEMISTBY. 

than just Without discui^ng this point rery minntely, lettt be agreed 
that we ma^ use the termB^afifuty, chemical attraction^ and attraction of 
componHon^ indiffeiently, provided ire recollect that thej have all th6 
aame meaBing(48]. 

Emily. I do not conceive how bodies can be decomposed bjr chemical 
attraction. That this power should be the means of composing them U 
Tery obvious; but that it should, at the same time, produce exactly the con- 
trary effect, appears to me very singular. 

jilra B. To decompose a body is, you know, to separate its constituent 
parts, which, as we have just obtierved, cannot be done by mechanical means. 

JEmily. No: because meehanifcal means separate onlj the integrant par* 
tides; they act merely against the attraction of cohesion, and only divide a 
eompound into smaller parts. 

Mrs B. The decomposition of a body is performed by chemical powers. 
, If, to a body composed of two principles* you present a third, which has ft 
'greater affinity, or attraction, for oue of them than tiie two first have for each 
other, it M'ill be decomposed, that is, its two principles will be separated 
by means of the third body (49). Let us, to illustrate this point»take a per* 
tion of common soap, which consists of oily matter or fat, united to an alkali* 
You know that soft soap is made by boiling grease and ley together; this ley 
contains the alkali called potash, which, uniting with the grease, forms soap, 
If I drop a portion of any strong acid into some soap suds, the soap will be de- 
composed, because the acid haa a stronger affinity for the alkali than th^ 
latter has for the grease. 

I will now drop some nitric acid into these soap suds: you see the grease 
immediately separated, and appearing like oil upon the surface (50). 

Caroline. That is a very satisfactory experiment; but as the nitric acid 
and the potash have united, I should like to know what new compound 19 
formed by their combination. 

Mrs B. They have formed a kind of salt, which the demist colls nitrate 
of potash^ and which you know as nitre or saltpetre (51). 

Emily, Could we contrive, by anji means, to separate the saltpetre 6rom 
the water im/d the grease? I should be delighted to be able to do this. 

Mrs B. Were we to drop in just enough acid to decompose the whole 
of the soap, we might then separate the grease, and, coi evaporating the 
water, we should obtain crystals of common nitre (5fi). ^ 

Caroline. And can you decompose the sulphate of copper, and as 
readily and plainly restore the copper to its natural state, as you did the 
grease in the last experiment? 

Jifra B. Very readily indeed. Wlien we wish to decompose the com* 
pound we have just formed by the combination of the two ingredients, 
copper and sulphuric acid, we may do it by putting into the liquid a piece 
of iron, for which metal ihe acid has a stronger attraction than for copper) 
the acid will, consequently, quit the copper to combine with the iron, and the 
eopper will be, what the chemists call, precipitated; that is to say, it will 
be separated and descend to the bottom of the vessel (5^), and appear in its 
simple form. 

In order to produce this effect, I shall dip the blade of this knife into the 
fluid, and, when I take it out, you will observe that instead of being wetted 



48. What three terms are used synonymously? 

49. How may a body composed of two principles be decomposed^ 

50. Furnish the example given. 

51. What new combination is formed? 

52. How could this salt be separated? 

53. What is meant by precipitation? 
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'' ' irithablniih ll<|aM, like tluit eonluiied in 
I '■ vith a thin cdat of copper (j4). 

CamUne. So jt li reKlly! but then i* it i 
add, ihathai combined vkh the tfon? 

Jfr» B. No; yoa are deseiTed bj- appe 
eomliDet wHh the iron'and id ao doiaE> d*l 
per on (he lurliice of the blkde; Hnd were «i 
in the fluid for >ame time, the vbole of theu 
the acid, a correapohding portion of the iron 
hj iti union with the aeid tulphaie tftraif, oi 
V "' Bmly. But eannot three or more aubitan 
■Dj of them being precipitated? 

Mri B. 'Thii T417 frequenClj ocoara, Bnd 

you »ill meet with seTeral eiimplai. .The 

rocks or stones which do not coniist of more 

i . cally combined toge^er. All salti, alio, aid 

chemical compound!, may be reioWed into tt 

- Caroline.. But pnij, Mrs B., what ii the 

tion of boilies for each other? It appeaia t 

unnatural, if I may use the eipreaiion, thai 

-which unites particles ofa similar nature. 

Mri B. Chemical attraction may, like th: 

■ bo one of the poweri inherent In matter, n 

kuwledge, adroita of n* other satiifactory ei 

reference lo a dirine can>e(57]. Some plai 

have been devised upon this, as i*ell is upoi 

l| hut until you arc acquainted with all the kn« 

, haTB became matured by time and refiectio 

of increasing your knowledge, would retard j 

mafiaTer that we really knov nothing. - W< 

taiaei a stone to desoendi but if we imfolrc 

l^nd that npon this point we hare arri^^ at tl 

phjjand are compelled to re aolxe the whole is 

Emily. The subject of affinity appears to 1 

tereating, and I should like to know a great 

enter upon any other. 'Although your exam' 

' ean yet scarcely comprehend how (he same ; 

CaroSjur. L«t me tr^ whether I sannotei] 

t to be a striking aimile. I hold this apple in 11 

er than I am might take it from me; and U> 
aocoeaiion obtain it, and each by (he same k. 
degree(59). >• 

JUrt B. Tour aimile is awery happy one, 
both ao much iaterestedjn the labject of the att 
ml^t derate a oonaiderable portioa of time b 



54. How can the copper of the su^hate of 1 

55. Whatbeoomeaof the iron' 

' 56. Are there many inatancea in which mo 

lo produce a new substance? ' 

ST. Are we acquainted with the eanae of ehi 
St. Can we, properly apeaking, be said to k 
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ehemical combination of bodies; but as every process vhich I shall either 
perform or explain, will serre to exemplify one or more of these laws, I 
shall have ample and better opportunities of rendering them familiar, than 
by dwelling upon thcra ilow. Some of '^em I dliall reserve until yon have 
acquired a considerable portion of knowledge in the elements of chemistry. 
Before passing to anotber subject, I will explain to you the acceptation in 
which the term elective is used by chemists^ 

Elective affinity, or elective attraction^ you will find spoken of in every 
vork upon ehemistry. The* word elective is employed to express the 
choice which any particDlar substance seems to make in uniting to one 
body ii\ preference to another, although it may actually possess an affinity 
to each. It is, therefor^, only another form of expressing the fact, that a 
body p099e88inff an aHtaction tvwardt a number of others^ posseasea it in 
different degTeea(QO)' 

Emily, I am afraid that I shall never be able to remember what bodies 
attract each other with the greatest force, and without this I shall never 
know by what means to separate any two substances which have combined 
together. 

Mrs B. Ttee most able chemists do not pretend to recollect all the facts 
Qpon this subject; but they have constructed tables in which the several 
substances with which a particular body will combine, are placed in the 
order of tlteir attractions(61), as may be seen in this example, in which is 
•hown the affinity of nitric acid for several of the metals. t, 

Citric Jteid, 
Iron, 
Lead; 
Copper, 
Mercury, 
Silver. 
Here nitric acid (aquafortis) h placed at the top of the column, and under- 
neath it are some of the metals which it will dissolve, in the order of tiieir 
affinity. That is, the nitric acid has a stronger attraction for iron than for 
any one of the metals below it, so that if one of these four were dissolved hi 
the acid, it would be precipitated by the iron* In like manner lead would 
precipitate the three placed below it. 

Again, suppose the silver, which has the weakeit affinity for the 4eid, toi 
be dissolved by it; if we then put some mercury iqto the solution, this 
vouldbe dissolved and the silver thrown down. Wei'e we then to put in a 
piece of copper, that would be dissolved and the mercury precipitated; and 
in like manner the other metals would precipitate each other in their regu- 
lar order; but neither of the upper metals would be affected by those 
below il(62). 

Tables of this kind are denominated tables ofssimple affinity, and they 
are, as you must perceive, of great use to th^ chemist. 

60. The term elective attraction is frequently used; what is intended 

by it? . . 

61. "What means have been devis^ for aiding our inquiries 4)n elective 
attraction? 

62. Explain the nature of the example given. 4 
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ON IMPONDERABLE AGENTS. 

Cheitdcal Jigents divided info Ponderable and Imponderable, lAght and 

Meat capable of separation^ Chemical effects of Light, Combination toith 

eompounfL bodies. Phosphorescence. Caloric. Jfeat, its sources. Free 

'^kmd cornWied Caloric. Tendency of Heat to EqniUbHum. Slow Commw 

nication and HadiaHon. Good and bad Conduct^rs^ 

" * 

J^rs JS, Our Kftst conversation has introduced you to some acquaintance 
with the general principles of chemistry, and with that species of attraction^ 
hy which substances, differing in their nattrre,^ are induced to combine to- 
gether, and form a third body, possessing new properties. We now leaye 
the subject of .chemical attraction, or affinity, for a short period; but mutt 
not finally dismiss it without some addition to the general observations which 
have already been made. You will be better prepare.d to resume it after 
you bave acquired some knowledge of the Mrrticular properties of a few of 
the most important substances in their simple forms, and with those agents 
which thejphemirt denominates imponderable; for besides the division of 
bodies into simple ajul compound, the objects of chemical inquiry are 
further divided into ponderable and impondtfrable^ or such as are capable 
of being weig^d, and^uch as dp aot appear to possess any weight(l). 

Caroline. That appears to me to be a strange division. I thought that all 

. matter was ponderable, and that one of its universal attributes was gravita^ 

tion; but it teems that in learning chemistry we must forget our natural 

philosophy, and invest matter with new and contradictory properties. Can 

there be such a thing as matter without weight? 

JSfrs B. Your remarks are certainly acute, but still you appear to be a 
little too ardent. Of one thing you may be assured, that any seeming contra- 
diction in the laws of nature serves only to prove the imperfection of our 
own knowledge. The imponderable agents are , Ught^ heat, and electric 
city, including galvanism and magnetismCZ), "VVe denominate them impon- 
derable, not because we are certain that they are^ without weight, but lim- 
ply because, we are not able to weigh theni(d); just as we call a htfdy 
simple, because it has not been decomposed. 

Elmly. Is it not possible that these imponderable bodies may, in fact, 
be no bodies at all, but something quite distinct from common matter, in 
;phich case it would not be at all surprising that we could not Weigh them? 

Jl^« jB. I have used the term agents, because some philosophers afc of 
opinion that the imponderables are not really matter itself, l{u€ like 
motion, merely properties of matter(4). They cannot be collected to^ 
gether, confined, and exhibited in masses like ponderable matter: and hence' 
the phenomena which they present have been supposed to insult from 
certain vibratory motions amongst the particles of bodie8(5). In many re»- 



- 1. The objects of chemical inquiry are divided into two classes other 
<han sijnple and compound, what are they ? 

2. Name the imponderable agents. 

tfT Do we know that they are absolutely imponderable ? 

4. Why is the term agents applied to them ? 

5. In what way have Uiey been supposed to act f 
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pecta, however, they exhibit properties and produce effeett so analogoa&'Co 
those of matter in general, that, diaregarding theoretical opinions, we raay 
safely consider them as material, although extremely subtile, and apply to 
them the same language which we us4 in treating of other agent8(6). ' X 
shall begin withLiGHT, and then pass to the subject oCheat, with which it £» 
most intimately connected. ^ 

Caroline. I recollect that, in our natural philosophy/ light was ^oken 
of as a substance^which emanated from tb« sun and all other luminous bo-* 
dies, being projected |rom them with prodSg^ous y^oetty, in particles oC 
extreme minuteness(7)^ and it has always appeared to me that the saiBe 
might be said of heat, or rather that light and heat were the swe thio^ 
only affecting different senses. ^ 

Mrs B. Whether light and heat be altogether dilferent agents, or not, 
I eannot pretend to decide; but, in many cases, light may be separated fronk 
keat(8). . The first discqvery of this fact was made by a eelebrated Swedish 
chemist, named Scheele. Another very striking illustration of the separatism 
of heat and light was long after pointed out by Dr Herschel, whose experi- 
ments were published in the'year 1800(9). > This philosopher discoyered that 
these two agents, though emitted together in the rays of the sui^ are not equally 
refrangible, but that heat was less so than light; for, in separaungthe different 
coloured rays of light by a prism (as we did some time ago, ) he found that the 
greatest heat was out of the spectrum, «t a little distance beyond the red 
rays, which, you may recollect, are the least refrangible. Where 
there is no light whatever, therefor<i^ we find the greatest heat; ftnd 
throughout the whole of the spectrum, the illuminating and heating ef- 
fects of the rays bear a different proportion to each other(lO). Although 
the heat is refracted as well as the light, yet, from its being 1^8 refrangible, 
the heating power of each ray decreases as you approach the extreme 
Tiolet. 

Emily, I should like to try that experiment. 

Mrs B, It is by no means an easy one: the heat of a ray of light, re- 
fracted by a prism, .is so small, that it requii*es a very delicate thermometer 
to distinguish the difference of the degrees of heat within and without the 
spectrum. For in this experiment the heat is not totally separated from 
the light, each coloured ray retaining a certain portion of it, though a great 
part is not sufficiently refiracted to fall within the speetrum(ll). 

There is, however, a very striking experiment in proof of the separability 
of heat and light, which you may very easily try. If you take a perfectly 
clear pane of glass, it will allow the rays of light to pass through with very 
little diminution of their intensity; yet such a glass will arrest nearly the 
vhole of the radiant heat. To prove this, plaee your face near to the fire, 
then suddenly interpose the glass between the two, and although the light «> 
vill not be sensibly obscured, the heat will appear to be entirely arrested(12). 

Emily. But what becomes of the heat in this case; is it reflected back 
again by the glass into the fire? 

J^ra B, By no means, it is absorbed by the glass, which, consequently, 



6. What reason is assigned for treating them as matter } 

7. How ia Uffht treated of in natural f^ilosophy f 

8. What is said respecting the connexion between Tight and heat? 

9. To whom are we particularly indebted for experiments on tltia aab« 
ject ? 

10. What particular facts are mentioned ? f 

11. What difficulty is there in the experiment? ^^ 

12. How is the general fact easily proved? ^; 
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becomes rapidly heftte^HPff" will teon 1»egtn to f^e out the heat which 
it has acquired, as yoa wufmnd by continuing it in its 8ituation(13). 

" Caroline,. It certainly appears, yeryplMidy, thftt light and heat can he 
separated from each other, bat may they not, after all, be essentially the 
same ? for light, which you call a simple body, may be divided into rayf 
irariously colonredw It U not clear to me, therefore, that heat is not merely 
a modiflcatipK of light. 

Jkfre B, IThat is a iuppositiim which, ia Ihe present state of natural 
philosophy, can neither be potttiTely affirmed nor denied. Let us, there* 
fore, instead of discussing theoretical points, be contented with examining 
what is known respecting the chemical effeets of ]ight(l4). 

( Light is an agent capable of prodacmg Taricma chemuMdT changes. It ia 
essential to the welfare ^oth of the animal and vegetable kingdoms; for men 
and plants grow pide and sickly if deprived of its salutary influence. It ia 
likewise remarkable for its property of destroying colour, which renders it 
of great consequence in the process of bleaohi^l5). > 

Emily, Is it not singular that light, which'^ln studying optics we were 
taught to consider as the source and origin of colours, should have also the 
powe^ of desU^ying them? 

Caroline, ' tt is a fact, however, which we every day experience; -you 
know how it fades ^he flours of linens and silk8(16). ; 

JEndly, Certainly. -> And I recollect that endive^nd celery are made 
to grow white instead of green, by being covered up so as to exclude the light. 
But by what nftans does light produce these effe«t8(17)? 

J\Ir8 B, 'This I cannot attempt to explain to you until you have obtain- 
ed a further knowledge of chemistry; for the chemical properties of light 
can be accounted for only in its relationship to compound bodies, of which 
bodies we shall, in the greater number of instances, find light to form a con- 
stituent part, and that it is frequently given out during their decomposi- 
tion(18). ; 

Emily. I should like very much to see a body decomposed, and the light 
given out from it; can you show us any experiment of this kind? 

JMrB B. It is an experiment of this kind which now enables you to see 
me and all the articles in the room; and you witness such decompositions 
every night of your life. * 

Caroline. Thank yoti Mrs B. for the hiiit; and now let me try if I can- 
not explain the fact to which jou allade. Xigfht, I suppose, forms one of 
the constituents of tallow and oil, which are decomposed in burning, and 
the light given out(19). 

MraB. Very good, indeed; your explanation, so far as it goe^ is com- 
plete. The light given out by burning bodies, or by those which are 
strongly heated, is called artificial light; whilst that given out by the sun 
and stars is called natural light. These two kinds of light differ suffi- 
ciently, particularly in their chemical properties, to render it proper to 
distinguish them from each other, and to recollect that, in general, when we 
speak of the influence of^ight, we mean natural lights-light as it comes to 
us in the solar ray(20). f 



13. What becomes of the heat? 

14. Is it certain that light and heat arc essentially distinct? 

15. Enumerate some of the chemical effects of light. 

16. Give examples of the bleaching property of light. 

17. Does its exclusion ever render bodies white? 

IS. What is said respecting light and some compound bodies? 
19. Whence comes the light in the burning of candles, &c. ? 
80. What particular distinction is mehtioned respecting light? 
C 
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Emily. I should be gUd to know aome |i^V"ii'> '^^ wHich these two 
kinds of light differ from emch other; I shouldVre thought that they were 
the same, excepting ia their intensity. 

Jifri S» The differenees between them belong, in geneml, to a more 
advanced stage of onr sobjeot, and we must anticipate as little as possiblet 
There is one point of difierenee, howerer, which may be shown by this 
simple pane of glass. When the rays of light and heat from an artificial 
source met the glass, yon Iband that bat little of the heat passed through 
it; but, in the solar ray, nearly the whole of the heat accompanies the 
light in its transmission through it(21). 

Caroline. It seems to me that there mast be some other source of natu- 
ral light besides the san and slara, aa there are some substances which 
always shine in the dark. 

Jtfra JB, Light is capable of entering into a kind of transitory union with 
certain substances, and thus giving to them what has been called phoa* 
phorescence. Bodies that are possessed of thia^roperty, will, after being ex- 
posed to the sun's rays, appear luminous in the dark. The shells of fish, 
the bones of land animals, marble, limestone, and a variety of combina- 
tions of earths, are more or less pho8phore8cent(22). 

Emily, I remember being mnch surprised last summer- with the phos- 
phorescent appearance of some pieces of rotten wood, which had just been 
dug out of the ground: they shone so brightly as to appear to be actually on 
fire. The light of the fire-fly, I suppose, is also of a phosphorescent nature. 

Mfs JB, It is a very remarkable instance of phosphorescence in living 
animals. This property, however, is not exclusively possessed by the fire-fly. 
There are in the West Indies, and in South America, some larger insects 
which emit a light so brilliant, that three or four of them will sufiice to 
enable a person to read in a place otherwise dark(23). 

Emily, But is it certain that in all cases of phosphorescence the light 
proceeds from the same cause? The difference between a piece of dead 
wood and a living animal is so great as to make it difiicult to believe this. 

Mrs B, It certainly is not probable that the cause is the same, although 
there is a similarity in the results; Dead animal matter frequently emits 
light, and this, it is probable, is a consequence of its decomposition, and 
may therefore be analdgous to that given out in oombustioD(24). 

Emily, I have heard that the sea has sometimes the appearance of being 
illuminated, and that the light is supposed to proceed from the spawn of 
fishes floating on its surface. \ 

Mrs B, This light is probably owing to that or some other animal mat- | 
ter. Sea water has been observed to become luminous from the substance ' 
of a fresh herring having been immersed in it; and certain insects, of the 
Medusa kind, are known to produce similar effects. There, in fact, appear 
to be several different sources of the luminousness of the ocean(25). 

But the strongest phosphorescence is produced by certain chemical com* 
positions prepared for the purpose, and called solar phosphori, the mos 
common of which consists of oyster-shells and sulphur, calcined together in] 
a crucible; this kind is known by the name of Canton's phosphorus. 

To cause any of the solar phosphori to appear luminous, they are pui 
into a well stopped phial, and after being exposed to the direct light of th 
sun, they shine in the dark for some minutes with a brilliancy sufficient t^j 



21. Give an evidence of the difference in the two. 

22. Give examples of phosphorescence. 

23. What is noticed respecting phosphorescence in insects? 

24. Is it probable that this light is always produced in the same way> 

25. What is said rejecting the loininoas appearance of the tea? 
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lAiow the time by a watch. By degrees tKey eeaae to ahiiie, but again do bo 
as often as they are exposed to the i]^t(26). 

Caroline. Light, ia this case, appears to operate very much like heat. 
If I warm a body and remove -it to a eool place, the heat will pass off, and 
this I can repeat again and again. 

Jlfrs B. There is certainly a strSung resemblance between the two in this 
particular, and it has been used as an a^ument by those who do not believe 
heat and light to be distinct material substances. The particles of light 
seem to adhere to these phosphor! with a certain degree of force, and gradu- 
ally to fly off, and, as it were, to eTaporate(S7). But it is time for us to pass 
on to the examination of heat, or caloric, which, as it is the most powerful 
of all the chemical agents, ViU demand a considerable share of attention. 

HsAT and Lioht may be always distinguished by the different sensations 
they produce. XAg-ht affects the sense of sight$ heaff or cidoric, that of 
feeling; the one produces virion, the other the sensation of vfarmth[2S). 

Caroline, It seems to mei|uite unnecessary and embarrassing to call the 
^^ same thing by two names; and this is evidently the case with the chemists 
who have introdsced the term caloric, which you have just used as synony- 
mous with he^29). 

JKfr« JB. Tou are, in the present instaaee, both too prompt and too con- 
fident in your judgment. 'The term caloric was introduced, because philo- 
tophers, as well as the vulgar, were in the habit of calling two distinct 
^ things by the same namei 

The cause, caloric, and the effect, heat, were confounded together under 
the same denomination, whilst they are, in fact, as distinct and different 
' from each other as are Ugki and vmon(dO). Although tills distinction has 
been made, the chemist frequently departs from its strict observance, often 
usmg the word hekt to designate the'operating agent, as well as the effect 
which it produces. In conformity with universal custom, also, we speak, 
of the^heat of inanimate matter, as tlie heat of an oven, or the heat of the 
tun, without any reference to the sensation which it is capable of exciting(dl ). 
Caloric, you will hereafter find, may exist in a body without increasing its 
temperature; and of course it is in such a case imperceptible to us(32). 

EmUy, It nvust be a very strange kind of heat that cannot be perceive^, 
by our senses, which seem to be the only means by which we know of its 
existence. 

JMra £. Light has been spoken of as combining with bodies, and form- 
ing a pwt of their substance; and whilst in this state, %s power of exciting 
vision is suspended. In like manner heat may combine with, and form part 
of a compouni; and whilst so combined, it will not excite any sensation in 
U8(33). if I touch a warm body, it is the caloric which passes from that 
body into my hand which produces the sensation of warmth; if the calorio 
were combined with, and did not leave the body, it would not produce any 
effect upon me(S4). 

Caroline, There are, therefore, two entirely different modifications of 
caloric; one in which it produces heat, and another in which it does not. 



£6. What of solar ttlifosphori ? 

27. What analogy is tiotitfed- between. light and heat^ 

88. By what prdp^rties are light i0L heat distinguished? 

S9. What term m u^d by the chemist as synonymous with heat> 

50. What distinction «Kists strictly between ca/or»c and heal? 

51. Is this distinction always observed? 
88. What is said of caloric, without heat? 

93. What analogy is tfKre betireen light and heat in this particular? 
3«. How does a waftn body produce the sensation of heat? 
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Mi*9 JB. We are fieqaaiiited witb three distinct sourees oi heat The •an 
yoa know as the great and principal souree; hut we also derive it from me-* 
chanioal and from chemieal aetioii. Friction, or the rubbing of two solid 
bodies together, and pereassion, are examples of the former, and eombastion 
is a familiar one of the latter(S5). 

Calorie is found also to exist under a rai-iety of forms or modifications; 
your attention, however, will be direeted to it under the two principal, 
which are 

1. Fbsx or Rabiaitt Calobic, 

8. CoMBi^xD Calobic, Called also Latbbtt HxAT(d6). 

The first, fheb om babiahip caiabio, is also ealled bbbsible hxat, or 
HEAT OF TEMPSBATUBB; it com^^hendfl all heat whieli is pereeptible to 
the senses, and affects the thermometer. 

Emily, You mean such as the heat of the sun, of fire, of candles, of 
stoves; in short, of every thing that bums? 

Mrs B. And likelvise of things that do not bum, as, for instance, tho 
warmth of the body; in a word, all heat that is tmuible, whatever may be its 
degree, or the source from which it is derived(d7). • 

* In examining into these modifications, we shall consider heat or ealorio 
as material, and capable of increase or diminution in a body(39). This 
being admitted, it will appear to be a subtile fluid, the particles of whieli 
' repel each other, and are attracted by all ponderabif substances; and that 
it is present in all bodies, however low their tenfperature(39). That the 
last is a fact, you can readily eoneeive; as it is easy to imagine the tem* 
pei*ature of a body to be reduced still lower than it is, which could take 
place only by its parting with caloric(40). 

Caroline. I am quite impatient to learn every thing respecting your 
second modification; as to sensible hekt, it already seenft to be familiar to 
me, but your ineetmble cahric is quite a new subject. 

JMr» J3. I thought we were to proceed methodically; if we do not, yon 
will soon become involved in a labyrinth, whence you will scarcely be able 
to extricate yourselves. On the subject of free caloric, or sensible heat, 
you have much to learn. Your attention will be directed, Ist, to the uni- 
't'ersal tendency of free caloric to an equilibrium; Sd, to the manner in 
which this tendency is exerted; aitd dd, to the effects produced upon bodies 
by its entrance into them(41). 

EmUy, The first division seems to include a eontradiction of known 
facts, for if there baia constant teifdency in all bodies to the same ftmpera* 
ture, it seems to me that they must have long since arrived at it. 

Mn B, Your remark is specious, but not solid. Water ifas a constant 
tendency to find its level, yet there is a perpetual flux and reflux of the 
tides in the ' sea, and in rivers, because there are disturbing causes which 
countecSct this tendency; and the same is the ease with heat The sun 
supplies his rays by ^sy, and they are withdrawn at nighty clouds', winds, 
rain, and a thousand mechanical and chdknieal changes alter the temperature 
of bodies; you are fiimiliar with this fact in combustion, and will hereafter 
become acquainted with it in numerous other instances(42). This ten- 



S5. What are the three sources of heat > 

36. What are the two pri%cipal md^fications of calorie? 

37. What is said of free or radiant heat? 

3S. Hpw is heat considered, invegard to its natiyie, in these conversations? 

39. What kind of fluid will it then appear to be? 

40. What may we suppose to justify the last conclusion? 

41. The subject of free caloric is treatsi under three heads, name them. 

42. What pretents an actnsl equilibrium of temperature? 
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I doyiey to an equilibriam serves to oorreet these disturbing causes, and both 
(»o-operate in producing %nd perpetuating that harmonious variety which so 
delightfully diversifies our days and our seasons(4S). 

Ciwolins, But if this equilibriam is never attained, I do not see hovr vre 
can infer the universal prevalence of a tendency towards it. Water seeks its 
level because it gravitates, but caloric is imponderable^ and therefore is with- 
out that property which actuates water, in the tendency of which we are 
8peaking(44). « 

Mrs B. Very tfue, Carofme, that is an esesellent objection. You 

might also, with some propriety, ebject to the term eqidUbrium being ap- 

j>lied to a body tiiat is without weight; but I know of no expression that 

would explain my meaning so well. Ton must understand it, however, in a 

figurative rather than a literal sense: its strict meaning is an equal diffu* 

9 MQn(45). We have already considered the particles of caloric as repulsive of 
each other, and as attracted by other bodies, and these properties may afford 

k us some light upon the subject we are considering. Where there is most ca« 
lorio there will be most repulsion, and of coarse the caloric of a warmer 

, body must, by this repulsion, be disposed to leave that body and unite with a 
colder. The proofs of this tendency are numerous and complete(46). If we 
place a hot piece of iron in contact with one that is cold, the former will ra- 
pidly lose, and the latter acquire heat, and in a short period they will both 
have arrived at the same temperature. If a number of substances, different 
in temperature, be enclosed in an apartment in which there is no actual 
'source of caloric, they will very soon acquire an equilibrium^ so that a 
thermometer placed in contact with either of them will indicate the same 
temperature(47 ). 

'* JSmili/. Although I have no doubt of the fact, I am at a loss to perceive 
how this equilibrium is produced, especially when the warm and the cold 
bodies are at a distance from each other. 

L' J\fr9 B*' Heat passes from one body to another in two ways: first, by 

r what is sdmel^es called the slow communication, or. conducting' power, and 

' . second, by radiation, or rapid communication(48). When bodies of differ- 
ent tempi^ratures are in contact jsll^ each other, it is conducted from one to 

f &e other; when they are placea at a distance, it is radiated. If you place 
your hand upon a heated body, the former takes place; if you stand before 

I . the fire, or in the sunshine, you receive heat by radiation. These two 
causes constantly ox>erate in diffusing caloric. Thus the fire which burns 
in the grate, communijcAtfiis its heat froA one object to another, till every 
part of the room has a portion of it(49).* 

Emily, And yet this boolr i*«ot so cold as the table on which it lies, 
though both are at an equal distance. iroi»*the ^*e, and actually in contact with 
each other; but according to your theory^ they should be exactly at the 
same temperature. 

Caroline. And the hearth, which is much nearer the fire than the carpet, 
is certainly the colder of the two(50). 
Mrs B, If you ascertain the temperature of these several bodies by a 



43. What benefits result from this tendency? - 

44. What objection is urg^d? 

421. What to the term equilibrium? 

46. How is the tendency to equal difution exerted? 

47. Give the examples. 

48. By what two means is heat diffused? 

49. Give the exemplifications. 

50. What objection is urged? 
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tliermomeier (which Is a much more aeenrate test than yoor feelings) yoti 
vill find that it is exactly the same In all(51). 

CaroHne. But if thej* are of the same temperatore, why shonld the one 
feel eolder than the other > 

Mrs B. The hearth and the tatfle feel eolder than the carpet or Hie 
book, because the latter a^e not such good condwetors of heat as the former* 
Caloric finds a more easy passage through marbfe and wood, than through 
leather ^nd worsted; the two former will jtherefi#e absorb heat more ra* 
pidly from your hand, and consequently give it a stronger sensation of cold 
than the two latter, although they are all of them really of t)»e tame tem- 
perature(52). , « 

Caroline, So, then, the sensation I feel on touching a cold body, is in 
proportion to the rapidity with whieh my hand yielda its heat to that body. 

Jifrs B» Precisely; and if you lay your hand successively on every ob« 
ject in the room, you will discover which are good, and which are bad con* 
ductors of heat, by the different degrees of cold which yon feel. But in 
order to ascertain this point, it is necessary titat the several substances 
should be of one uniform temperature, which will not be the ease with 
those that are very near the fire, or thoae that are exposed to a current /of 
cold air from a window or door(5d). 

Emily, But what is the reason that some bodies are better conductors 
of heat than others? 

Mro B. That is a point not well ascertained. In general the most 
dense bodies, as the metajs, are the best conductors, whilst those which 
are light and porous are bad conductors; and this undoubtedly arises, in 
part, from the points of contact being more numerous in dense bodies thtt 
in those that are more rare. From this cause iron filings conduct l|e^ 
more slowly than the solid metal. This, however, is not the sole cause, as 
the conducting power is not always proportioned to the den8ity(54). 

Whatever may be the causes which operate in producing this- difference 
in conducting power, you now clearly understand, that the passage of calo- 
ric through bodies that are good conductors, is much more i||^id than 
through those that are bad conductors;! an4 that the former both give and 
receive it more quickly, and' therefore in a gpiven time more abundantly, 
than bad conductors, which makes them feel either hotter or colder, though 
they may, in fact, both be of the same temperature. 

Caroline. Yes, I understand it now; the table and the book lying upon 
it, being really of the same temperature, wouy e«ch- receive in the same 
space of time, the same quantity oCiJieat from my hand, were their conduct- 
ing powers equal; but as the table is tl|l^best!conductor of the two, it will 
absord the heat from my hand mO^^. rapidiy, and consequently produce a 
stronger sensation of cold than, the book, as it is the heat which my hand 
loses that causes it to feel eold(55). 

M*9 B, Very well, my dear; and observe, likewise, that if you were to 
heat tiie table and the book an equal number of degrees above the tempera- 
ture of your body, the table, which before felt the colder, would now feel 
the hotter of the two; for, as in the first case it took the heat most rapidly 
from your hand, so now it will most rapidly impart heat to it Thus the 
marble table, which seems to us colder than the mahogany one, will prove 



51. How is the objection removed? 

52. Why is the sensation of heat different from bodies of the same tem- 
perature? 

53. How may good and bad conductors be detected? 

54. What is said of the eause of this difference? 
'^•^. Give the illustrations. 
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die hotter ef the two to » piece of ice pUeed upon it; for, if it takes hett more 
rapidly from oar hands, 'Which are warmer than itself, it will give out heat 
more .rapidly to the ice, which is eolder. Do jon understand the reason 
of these apparently opposite efreet8(56)? 

Emily, Perfectly. A hody which is a good eondactor of ealorie, af- 
fords it a free passage, so that it penetrates through that hody more rapidly 
Hian through one which is a had eondactor; consequently, when I place my 
hand in eontaot with a good conductor, if the hody touehed he colder than 
the hand, it loses more calorie, in a given time; and if it he hotter, gains 
more than it would do were the suhstanee a had conductor and at the same 
temperature(57). 

Mrs JB' But you must ohserre that thi» is the ease only when the con* 
ductors are either hotter or colder than your hand: for, if you heat different 
eondactors to the temperature of your hody, they will all feel equally 
warm, since the exchange of calori<$ hetween hodies of the same tempera* 
ture is equal(58). Now, can you tell me why flannel clothing, which is a 
very bad conductor of heat, prevents our feeling cold? 
^ Caroline, It prevents tilie cold from penetrating ■ ■ 
* JkTrs B, But you forget that cold is only a negative quality; we do not 
suppose that any thing more is requisite to cause a body to become cold, 
than merely for the heat to pass out of it. 

Caroline. True, it only prexents the heat of our bodies from escaping so 
rapidly as it would otherwise do. 

JIfrs JB, Tou ^ave explained it correctly; the flannel rather keeps in 
the heat than keeps ont the cold(59). Were the atmosphere of a higher 
.temperature than our bodies, it would be eqaally efltoacious in protect-i 
ing them against an increase of temperature, as it would prevent the free 
access of the external heat, by the difficulty with which it conduots it. 

Emily, This, I think, is very clear. Heat, whether external or inter- 
nal, cannot easily penetrate flannel; therefore in cold weather it keeps us 
warm, and if the weather were hotter than our bodies, it would keep us 
cool. 

JUtb B. Tou now perceive the reason why we wrap a heated brick or 
a lump of ice in flannel, to cause the first to retain its heat, and to pre- 
vent the latter frorc thawing. 

Caroline, O yes, that I understand perfectlir; the atmosphere is eolder 
Chan the brick, and would rob it of its heat, but it is warmer than the iee, 
and would therefore communicate heat to it and so cause it to melt; these 
effects the flannel prevents, by keeping the heat from passing outwards from 
the brick, and inwards from the air to the ice(60). 

J\/^% B, We have already remarked that the most dense bodies are 
usually the best, and the lighter bodies the worst- conductors of calorie. 
Air, which has but little density, is known to be a very bad conductor, and 
this is undoubtedly one great reason why light, fibrous materials, su<^ as fian<^ 
nel, fur and down are very bad conductors, as they contain a considerable 
quantity of air entangled between their fibres. Down, which Is the lightest 
and the most fibrous, is the worst conductor, or, as you would say, mokes 
the warmest covering(61}. 



56. What is remarked of substances heated above the temperature of the 
body? 

57. Give Emily^s explanation. 

58. What is the operation of bodies at equal temperatures? 

59. How does flannel operate in keeping us warm? 

60. For what apparently opposite purposes are had eonduetors used ? 

61. Why are li^t fibrous materials bad conductors? 
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Car^Une, This is, i Buppose, the reason whj the plumage of birds pre- 
serves them so effeetuallj from tl^e influence of cold in winter? 

Jtfrt 3* Yes; feathers in general are an excellent preserratiye against 
oold; bat aquatic birds have a kind of plumage peculiar to themselves, co- ' 
veriug^eir breasts, vhi^h is the part most exposed to cold; for though the 
surface of the water is not of a lower temperature than the atmosphere, jety 
as this fluid is a better conductor of heat, it feels much colder; consequently 
the breast of the bird requires a warmer covering than the upper part of its 
body(62). 

Most animal substances, especially those which Providence has assigned 
to them as a covering, such as fur, wool, hair, silk, &e. are bad conduc- 
tors of heat, and are, on that account, such excellent preservatives against 
the inclemency of winter, that our warmest apparel is made of these ma- 
terials(63). 

E,ndly. Wood is, I dare say, not so good a conductor as metal, and it is 
for that reason, no doubt, that silver tea-pots have always wooden handles, 

J^ra B. You are correct, and as is the case in the fibrous materials 
nsed for clothing, it is probable that the air contained in the pores of the 
wood tends much to lessen its conducting power (64). 

CaroUne* It is a very fortunate circumstance that air should be a bad 
eonductor, as otherwise the heat of the body, when exposed to cold 
weather, would be rapidly carried off. 

JIfra B* This is one of the many benevolent dispensations of Providence, 
in order to soften the inclemency of the seasons, and to render almost all 
dimates habitable to man(65). * 

The power of ^coaducting heat varies likewise very remarkably in fluids 
of different dmisities. If you dip your hand into this vessel of mercury, 
you will scarcely be able to conceive that its temperature is not lower than 
that of the atmosphere. 

Carotine. Indeed it is difiicult to believe that it is not, it feels so ex- 
tremely cold. But we may easily ascertain its true temperature by the 
thermometer. It is really not colder than the air; the apparent difference 
then is produced merely by the difference of the conducting power in mer- 
cury and in air(66). 

Jifra B. Yes; and hence you may judge how little the sense of feeling Is 
to be relied on as a test of the temperature of bodies, and how necessary 
for that purpose is a thermometer. 

To show you the fallacy of our judgment of temperature when guided by 
the sense of feeling alone, I have placed water of three different tempera- 
tures in these three bowls; that to your left contains ice; the water in the 
one to your right is heated so that you can just bear to hold your hand in 
it, and that in the middle bowl is at about the temperature of your body. 
Kow hold one hand in the hot, and the other in the iced water for some 
time, and then plunge them both into the middle bowl. 

Emily, Oh! To my left hand it feels as if the water was very much 
heated, and to my right, like the iced water. One hand*declares it to be 
cold, and the other to be warm; which shall I believe(67)? 

Caroline, Neither; but let us both always recollect, that'we are endow- 
ed with reason as well as with sensation, and that we should rarely allow 



62. What is remarked respecting aquatic birds? 
6S. What of our warmest apparel ? 

64. What respecting wood? 

65. What respecting air? 

60. Give the exemplification of the difference in fluids, 
67. Relate die experiment with three bowU? 
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the latter to guide us until Its ednclusiofi* «re sanetioiied hy the former* 
I'his, I well know, is a lesson which I very, mueh need to learn(68). 

Since we are qow so fully convinced of the fallacy of the sense of feel- 
' ing in liscertaining the real temperature of a body, and shall be compelled 
to resort, perpetually, to the thermometer, I riiould like to know something 
more than I do respecting the principle upon which that instrument acts. 

Mrs B. We will soon attend to that, but you are not yet quite prepared 
to enter upon the subject, and in the mean time you «an adTantageonS" 
ly employ the thermometer, as you know that the rise and fifll of the mer- 
curjK indicates corresponding changes in temperature. We have not yet 
done with the conducting power of bodies, nor have we exaooined the sub* 
ject of radiation; and before proceeding further you will do well to rumi- 
nate upon what has been already explained, and we will resume its farther 
eonsideration to-morrow. 



CONVERSATION III. 



FREE CALOJIIC CONTINUED. 

%ifference in the Conducting Power of BocUet. Flidda the worst ConduC' 
tors, BacUation f^ Caloric. Pictet^s Experiments. RadiaUng Power of 
different surfaces. Power of absorbing different in different^ surfaces. 
Distinction between Badiatihi and Reflection. 

Mrs B. There «re mmiy-^tf aii^'Strn&ipg experi- 
]i!l!tnts which manifest the difference in the conducting 
power of different solids; after attending to two or three 
of these, you must learn something of the manner im 
which heat is distributed through fluids. *' 

If you place one end of a rod of iron in the Are, you 
will find that the heat passes with comparative qyick- 
ness to the other extremity, whilst a piece of wood of 
the same size may be burnt nearly its who|0 length 
without any sensible conveyance of heat along it(l). 

Here is a pin and a smdil strip of glass about equal 
in size and length; now^, Emily, take these together In 
your fingers and hold one end of each in the flame of the 
candle. 

JEindlt/. See, I have been compelled to let the pin ^11 ; 
it was too hot to hold, yet I do not feel the glass warmi^ 
although the end in the flame has m€^ted(2) ! 

Mrs B. Because glass, is a very bad conductor, and 
the metals are very good ones: these latter, however, 
differ i^reatly from each other, as this little instrument 
will show you. Small bars of four different metals, all 
of equal size, are attached to a piece of brasa, which may 
be heated by holding it orer a lam^hy means of the 
handle, and the metal bars will of courle become heat- 
ed. These bars are of silver, copper, iron, and lead; I 




68. What deduction does Caroline draw? 

1. Give the example of the difference in the conducting powers of 
iron and wood. * 

2, Give that of glass and a common pin. 
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have dipped eaeh of them into melted wax, and by this I hare eemented 
a piece of card to the end of each. We shall find on heatings them that 
the silver is the best conductor, next the copper, and then the iron, whilst the 
lead is very inferiw to either of the others. Observe the wax is melting 
first upon the silver;— and now the piece of card has fallen from it 

Emily, The pieces have fallen from each in the order in which yoa 
named them, and the difference between them has proved to be much greater 
than I expceted(3). 

Ji^ra B, You have seen that although all solids are conductors of heat, 
they vary greatly from each other in this respect. In speaking of air it was 
mentioned as a very bad conductor, and you are to understand the same of 
all fluids, whether elastic or non-elastic(4). * That distinguished philosopher. 
Count Rumford, who investigated this subject with much care, considered 
fluids as being absolutely non-conductors, and believed that if their particles 
eould be kept from motion among themselvi^, it would be impossible to 
heat them throughout(5). 

CaroUne, How could the Count think so, as we know that they are ca- 
pable of imparting heat to, or taking it from us, accordingly as they are 
hotter or colder than we are ? 

JEmily, And how, if the particles of water do not communicate heat to 
each other, does that whidti is contained in a vessel over the fire become 
hot throughout(6) } 

Mrs J9. Count Rumford admitted that solid bodies would comdhinieate 
beat to the particles of fluids which were in contact with them, and %iat 
fluids would in like manner communicate it to solid% but denied that 
any such Interchange took place between the particles of fluids them- 
8elves(7). With respect to Emily's question, the particles of fluids, you know, 
move with the most perfect facility among themselves, and you are also 
aware that fluids are expanded by heat, and consequently rendered spec^- 
eally lighter; it was to these two circumstances that the Count attributed 
the difmsion of' heat in,fluids. When a vessel containing water is placed 
upon the fire, the bottom of. it becomes heated, and communicates 
its heat to the particles of water in contact with it; tliese becoming ex- 
panded, and«consequently lighter than the portions above, rise to the sur- 
face and leave a new layer of particles to be acted upon in the same way. 
This change of place continues until the whole of the water has arrived at 
the boiling point; 4;he heat hot being communicated from particle to parti- 
cle, but conveyed^ or carried hy the currents which are established (8). 

Caroline. This accounts moat ingeniously for the propagation of heat 
upwards; but supposing you were to heat the upper surface of a liquid, the 
> particles being specifically lighter than <those below, could not descend. 
How, therefore, would the heat be communicated downwards? 

JIfra B. Had the Count'j assumption been absolutely correct, a liquid 
eould not be heated from above(9); and indeed, although this does take 
place, it is effected so slowly, that he believed the heat was, in every case, 
eonducted down by the solid vessel in which the fluid must be contained; the 
effect being more or less slow as this is a good or bad conductor(lO). 



5. How may the difference in the oonducting power of metals be showu? 

4. Are fluids good conductors f 

5. What opinion did Count Romford entertain upon this point? 

6. What objections are urged to this opinion of Rumford? 

7. How did Rumford suppose heat to operate between solids and fluids > 

8. In what way did he suppose that heat was diffused in a fluid? 
9* Why would not this account for heat descending in a fluid? 

to. How did Rumford suppose the deseent to be effected? 
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It is certain that heat is dUTused in liquids principally hf the motion 
among their particles. Although this motion is invisihle on account of their 
extreme minuteness^ we can, hy a little artifice, manifest the existence 
of the currents of which I have spoken. If 70U mix with the liquid any 
coloured dust, or powder, of nearly the same specific gravity as itaell^ 
you may judge of the internal motion of ^e fluid by that of the coloured 
dust which it contains. Do you see ^e small pieces of amber moving ahoiU 
in the liquid contained in this phial? 

Caroline. Yes, perfecAy. 

Jlfr« B, We will now immerse the phial in a glass of hot water, and 
the motion of the liquid will be shown hy that which it communicates to the 
amber(ll). 

Emily, I see two currents, one rising along the sides of the phial, the 
other descending in the centre; hut I do not understand the reason of this. 

Jifra B. The hot water c6mmunicates its calorie, through the medium 
df the phial, to the particles of the fluid nearest to the glass; these dilate 
and ascend laterally to the surface, whilst the less heated particles, distant 
from the surface of the phial, in descending, foi-m the central current(l$). • 

CaroUne. This is indeed a very dear and satisfactory experiment; hut 
how much slower the currents now moTO than they did at first. 

Mr9 B* It is because the circulation of particles has nearly produced an 
equilibrium of tempei*ature hetween the liquid in the glass and tliat in the 
phial. 

CaroUne^ It appears, then, that we are'to consider liquids themaelvea ae 
non-conductors. 

Jlfr9^. By no means; for althougji they areheated principally by means 
'of the mobility of their particles, it has been shown by very aetisiactory ex- 
periments, that fluids, although the worst conductors known, do absolutely 
admit of the conyeyance of heat, from particle to particle, like solid ho- 
dies(13]. The term bon-conductors of heat cannot therefore be properly 
applied to any hody in nature; whenever you see it used you must therefore 
understand that it is employed relatively, und not ab8olutely(l4). 

In many instances when we wish to 
diffuse heat equally, and rapidly, we 
employ fluids for the purpose. This 
might lead to the conclusion that they 
are among the best conductors, were not 
the contrary plainly proved; their adap- 
tation to this purpose resultinlg firom the 
ready mobility of their particles, as 
you now understand. One or two strik- 
ing experiments, however, showing how 
slowly they conduct heat, will still be of 
use, as they will impress the faot upon 
your minds indelibly. 

I have nearly filled this glass tnhe 
with cold water, and by a weight have 
eonfined a piece of ice at the bottom of 
it. I hold the tbbe sloping over the 
flame of a lamp, so as to heat the wa- 
ter in the upper part; this will be seen made to boil, whilst the ice will 




11. By what means may the currents be rendered visible? 

12. From what cause will two currents be produced? 

13. Are fluids really non-conductors? 

14. How is the term non-condoetors to be enderstood? 



C0NVBR8XTKKKS Q^ CHEMISTBT. 



in below imthawed for a oonndenble teagth of time. If we kad allowed 
ice to float upon tiie sur&ce, and applied the heat below, the ioe would 
re been melted before the water would haye become sensibly warm(15). 
VaroKne, Yes, in that case the water which had become heated below 
old have ascended to the BUk&cey when it would have been cooled agala 
its contact with the ice. 

Wa B, This experiment is sometimes varied by patting some coloured 
;er at the bottom of the tube, instead of the ice. The clear water above 
f be boiled without disturbing th^ coloured psrt; but if the heat be ap« 
id below, the coloured portion will be seen to rise to the 8ur&ee(16}. 
The little apparatus which I am now about to 
exhibits the same fact very satisfiLctorily. It 
sists of a very sensible air thermometer, ee- 
ited into the lower end of a glass, funnel-shap- 
▼essel, so that when the vessel is nearly filled 
li water, the bulb of the thermometer will be a 
[e below its surface. Upon this water I pour 
>rtion of ether, which will float upon it, and is 
iry inflammable liquid. I then set fire to the 
»r, and it will continue to bum for a considera- 
time, without affecting the thermometer, as 
. may ascertain by noticing the pointer, which 
ws the height at whiish the coloured liquid 
ids in the tube(17). 

^mily. That is equally extraordinaiy and sa- 
ftctory, and I am sure I shall fecoUect it "when- 
r I smell ether. 

Hra B. We shall frequently have to re«nr to 
slow communication of caloric by the conduct- 
power of bodies, and will now examine (he 
ind mode by which h6at ia distributed, which 
. recollect is rahiatioit. 
yoroline. We have already learned that heat 
ses off ip rays in conjunction with light, both 
n the sun and from burning bodies; but is it 
likely that in these instances the light is the 
Ve agent, and carries the heat with it in con- 
Hence of the two being combined together. 
)fr8 B, By no means: in tbeir property of passing off in rays whieh 
re with immense velocity, heat and light appear to be analogous. But 
this, the calorific rays which were found beyond the confines of those of 
it in the experiments of Herschel, could not have* existed there. Yon 
» know that if a piece of irOn, or any othlSr body, be heated, though not 
iciently so to emit light even in the dark, you will very sensibly feel the 
t emanating from it as you approach it; and this, of course, is in conse- 
nee of radiation( 1 8 ]. 
Sfm'/y. May not the heat be conducted to us by the atmosphere with 

eh it is surrounded, and the radiation be in this case merely apparent. 
!r« B. Were you placed above the heated body this might be the case, 
he air which is heated by contact with the body, having its specific gra* 
decreased, immediately- ascends; hut as you feel the heat both laterally 




5. By what experiment may it be shown Ihat fluids are bad conduAtort^ 

6. How may tiiis experiment be varied? 

7. How may the fact be proved by burning ether? v 

8. What cireomstaneet prove the rcidiaUon of heat alone 
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and downwards, it must pass bj radiation alone. TIm experiments which 
you will witness on this subject will establish the fact beyond the possibility 
of a doubt. The coolings of a body is gp^atly accelerated by the presence 
of air; but a heated body, though suspended in yacuo» will have its tempera- 
ture reduced to that of surrounding^ bodies, and this must be effected by 
the operation of radiation aIone(19). 

Caroline. What a constant bustle there must be among the particles of 
ealoric, if they are thus perpetually flying about from one body to another; 
but I do not see why this should always be the case. If all the bodies in a 
room are of the same temperature, I do not perceive any effect that is to be 
produced by radiation, and indeed I should suppose that in that case it 
does not take^place; and yet I do not know how a body on one side of a room 
should know that Uiere i8«a c<ft)ler body on the opposite side, and conse* 
quently begin to radiate(20). 

JIfrs B, You have unconsciously touched a theoretical question which 
has divided philosophers. Some have believed that bodies radiate in propor- 
ti#n only to the excess of caloric which they contain above surrounding bo- 
dies, and that, as you suggest, if all were of one temperature, radiation would 
cease, in consequence of the equal tendency of the particles of caloric to 
fly off. A more generally received opinion however is, that caloric, being 
'l^omposed of particlea. which are mutually repulsive, is constantly flying 
off in all directions, with immense velocity(21). 

Without pretending to decide' the controversy, we will, for the sake of 
Illustration, adopt the latter opinion, and sappose all bodies, whatever their 
temperature, to be constantly radiating caloric. Those that are of the same 
temperature give out and absorb equal quantities, so that no variation of 
temperature is produced in them; but when one body contains more free 
caloric than anofl^er, the exchange is always in favour of the colder body, 
lUitil an equilibrium is effected(2S). 

Caroline. This reciprocal radiation surprises me extremely. I at first 
thought, that the hotter bodies alone emitted rays of caloric, which were 
absorbed by the colder; and it still seems unnatural that a hot body should 
receive any caloric from a cold one, even though it should return a gi<eat 
quantity. 

JIfrs B. It may at first appear so, but it is no more extraordinary than 
that a candle should send forth rays of light to the sun, which you know, 
must necessarily happen(23). 

Caroline, Well, Mrs B., I believe that I must give up the point 
Bat I wish I could see these rays of caloric; I should then have greater faith 
in them. 

Jtfr« B. You must give some credit to your reason, as well as to your 
senses, or faith is out of t^e question. Your reason will tell you, that if you 
gain more heat than you lose, the gain being absolute, the sensation pf 
warmth must be felt It is, therefore, only when you are parting with it to 
a body of a lower temperature, that you can experience the sensation of 
cold, because you then sustain an absolute loss of caloric. 

Emily, And in this case we cannot be sensible of the small quantity of 
heat we receive in exchange from the colder body, because it serves only 
to diminish the loss(24). 



19. What facts prove that the beat is not conducted by the atmosphere? 

20. What remarks does Caroline make respecting radiation? 

St. What two theo^es have been maintained respecting radiation? 
92. What is the theory adopted in these conversations? 

23. What analogy with mutual radiation does light afford? 

24. Why do we not always feel the loss of heat by radifttion? 

D 
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Mr9 J9. Very well, indeed, Bmily. Profetior Piotet, of Genera, hat 

made some yerj interesting experiments, whieh |>ro¥e not only that calorio 
radiates from ail bodies whatever, but that these rays may be reflected, ac- 
cording to the laws which goyem in the radiation of light(25). I shall re-* 
peat these experiments before you, having procured mirrors fit for the pur^, 
pose; they are, as you see, concaye, and made of tin highly polished. Those 
which I use are a foot in diameter, and their curvature is a radius of nine 
inches; the focus of parallel rays being, therefore, four and a half inches dis* 
tant from the centre of each mirror. In the focus of one mirror I plaice 

Mr PicteVa Apparatus-fir the Bejiection of Beat, 
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[A. and B, concave mirrors, fixed on stands. C, heated bullet, placed in 
the focus of the mirror A. D, thermometer, with its bulb placed in the 
focus of the mirror B. The dotted lines show the course of the rays of 
heat diverging from the heated ball C, then rendeired parallel by the mir- 
ror A, whence they are reflected to the mirror B, from which they con- 
verge, and fall upon the thermometer in its focus D.] 

an iron bullet, about two inches in diameter, and heated, but not to a de- 
gree sufficient to render it luminous. The rays of heat which fall on it are, 
agreeably to the property of concaye mirrors, reflected in a parallel direc- 
tion, so as to fall on a similar mirror, which, you see, is placed opposite to 
the first, and at the distance of about ten feet: this second mirror causes the 
rays to converge to its focus, in which I place the bulb of this yery sensible 
ur thermometer. Now, obserye in what manner it is affected by the calo« 
ric which is reflected on it from the heated bullet. The air is dilated in 
the bulb which we placed in the focus of the mirror, and the liquor is, you 
see, considerably depressed in the tube(26). 

Emily, But would not the same effect take place, if the rays of calorio 
from the heated bullet fell directly on the thermometer, without the assist- 
ance of the mirrors^ 

Mrs JS. The effect would in that case be so trifling, at the distance at 
which the bullet and the thermometep are from each other, that it would be 
almost imperceptible. The mirrors, you know, greatly increase the effect, 
by collecting the large quantity of rays which falls upon their surface into a 
focus. Place your hand in the focus of the mirror, and you will find it to be 
hotter there than in situations much nearer to the bullet* 

E»nly, That is very true; it appears extremely singular to feel the heat 
diminish in approaching the body from which it proceeds. 



85. What did Pictet of Geneva prove respecting the radiation of heat? 
SO. Describe the apparatus used by him for ra£ation. 
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Caroline, And the mirror vhieh, by eonvergtug ^btt nytt prodaees m 
much heat, is itself <|iutfi eold. 

Jlfr« ^. The whole of the rays, that are dispersed orer the sur&oe 
. of the mirror are collected by it into the focus; and if you consider how 
lar^ a surftwe the mirror presents to the rays, and, consequently, how 
Bkuch they arc diffhsed in comparison with what they are at the focns, whi^ 
ia littl% more than a point, I think yon can no longer wonder that the fi>eni 
dbonld be so much hatter than the mirror(3r). 

The mirrors are so ased in this experiment as to proTC that the ealorifie 
emanation is reflected ia the same manner as light(88). 

Caroline. And the result, I think, is yery oonelttsive. . 

•^!£*« J?. The experiment may be repeated by substituting a wax taper for 
the bullet, with a view of separating the light from the caloric. For this 
purpose a trausparent plate of glass must be interposed between the mir* 
Fors; for light, you know, passes with great facility through glass, whilst 
the transmission of artificial heat is almost wholly intercepted by it. We shall 
find, howsTer, in this experiment, that some few of the calorific rays past 
through the glass together with the light, as the thermometer indieates; 
but, as soon as the glass is removed, and a free passage left to the caloric^ 
h will manifest a considerably higher temperature(29). 

Endltf, That light and heat may be separated is equally well prored by 
this experimeiKt as by that of Dr Herschel; for ia the latter, the separation 
m|B not perfect, any more than in that of Mr Pictet. 

^^ Caroline, I should like to repeat this experiment, with the difference 
(#iubatitttting a cold body instead of a hot one, to see whether cold would 
not be reflected as well as heat. 

Mrs B, That experiment was proposed to Mr Pictet by an incredulous 
philosopher like yourself, and he immediately tried it by substituting apiece 
of ice in the place of a heated bullet. 

CaroUne, Well, Mrs B., and what ^as the result.^ 

JIfre B, That we shall see; I have procured some ice for the purpose. 

Emily. The thermometer indicates a considerable reduction of tempera^ 
ture(30)! 

CaroUne, And does not that prove that eold is not merely a ne^oHve 
quality, implying simply an inferior degree of heat^ The cold must be 
positive, since it is capable of being reflected. 

Mrs B* So it at first appeared to Mr Pictet^ but upon a little conside- 
ration he found that it afforded only an additional proof of the reflection of 
heat. This I shall endeavour to explain to you. 

According to our theory, we suppose that all bodies whatever radiate 
caloric: the thermometer used in these experiments, therefore, emits rays 
of heat in the same manner as any other substance. When its temperature 
is in equilibrium with that of the surrounding bodies, it receives as much 
caloric as it parts with, and no change of temperature is produced. But 
when we introduce a body of a lower temperature, such as a piece of ice, 
which parts with less caloric than it receives, the consequence is, that its 
temperature is raised, whilst that of the surrounding bodies is proportion* 
ally lowered(dl). 

Emily. If, for instance, I was to bring a large piece of ice into this room, 
it would in time be melted, by absorbing caloric from the general radiation 



sr. In what way do the mirrors increase the effect? 

58. What is the principal fact proved by the mirrors? 

59. What is remarked respecting the using a taper? 

SO. What would be the effect of substituting ice for the heated ball? 

3i* How it this explained? 
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wlueh is goin^ on Hvooghoat tbe room; and as it voold eoBtribvte 
little calorie in return for wliat it absorbed, tbe room would neeessarilT' 
eooied by^ it. 

Mjr9 B. Jast so; and as io eooseqoeiiee of the emplojmeDt of the miiw 
rors, a more eoBsid^«ble ezehaage of rajs takes place betveen tbe iee smd 
the thermometer, than betweea these and any ^i the sorroonding bodies, 
the temperatnre of the thermometer mnst, therefore, be lowered mofethaa 
that of any other adjacent object(32). 

Car9line. I confess I do not perfectly nnderstand joar explaaatioii. 

Jifn B. This experiment is ezactl j similar to diat made with the heated 
bullet: for, if we consider the thermomet»' to be the hot bodj and the ioe 
to be the thermometer, the diffieolty will cease; and let me tell yon that iee 
has actually been used to ascertain the qoantity of heat gi Ten oat by warmer 
bodies, as the qoantity of it which is melted will be proportioned to the 
heat which passes into it. In the present instance if the qoanti^ of heat 
radiated by tiie bnlb be represented by the nomber 90, and that from the ice 
by the number 10, it is evident that the former must lose twice as much as it 
recoTes, and its temperatnre mast be redaced, without its being necessnry 
to sappose that cold passes into it(S3). 

There is another Tiew which may be taken of this fact, which may serve 
to explain it more fanuliarly. The effect of radiation is the same as that 
of slow communication by contact. Now sappose you were to place the 
bulb of the tiiermometer and the ice in contact with each other, what woqU 
be the result^ ^ 

£mily. Why, to be sure, the thermometer would be redaced in tempea^- 
ture, as it must part with a portion of its heat to the colder body. 

M^ B* And this must as truly be the case when radiation is employed 
to equalize their temperature, the operation being merely facilitated by the 
employment of the mirrors(d4). 

Caroline. Ton have explained this in so satis&ciory a manner, that I 
must confess I cannot help being conrinced that cold has no real claim to 
the rank of a positire being. 

Jl€^9 B* Before I conclude the subject of radiation, I must observe to 
you, that different bodies (or rather surfeces) possess the power of radiating 
caloric in very different degrees(35). 

Some curious experiments hsTc been made by Mr Leslie on this subjeet. 
He ascertained that black surfaces radiate more, and polished metallic sur- 
faces less than any others; the d^;ree of radiation being proportioned to 
the greater or less brilliancy of the metallic sur£Bce(S6). 

£mibf. Supposing these sur&ces, of course, to be all of the same tern- 
pervtnre? 

jUf't B. Undoubtedly. I will now show you the yery ingenious appa- 
ratus, by means of which he made these experiments. This cubical tin 
ressel, or canister, has each of its sides, externally, different; one is simply 
blackened oyer, the next very much tarnished by rubbing quicksilyer upon 
it; the next scratched all oyer with sand paper, and the fourth highly 
polished. 

This yessel, which is a cube of four inches, we shall fill with hot water, 
so that there can be no doubt that all its sides will be of the same tempera- 



93. In what way do the mirrors Influence the result? 

SS, What is remarked respecting the iee being conudered as the ther- 
mometer? 

94. How is the feet explained by analogy? 

95. What is said of the radiating power of different sorfeces? 

96. What gradation was obserred in their radiation? 
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tare. Hbv let at plaM U in the focoi of one of the mirrors, tonuag eftoh 
of its lides towsrds it in saeeessioo. We shell hegin with the black sni^ 
tue{97). 

Caroline. It makes the thermometer which is in the foens of the other 
mirror show a eonsiderablj inereased temperature. Let us torn the 
tamisked sorfiice towaeds the'mirror. The thermometer now foils a little; 
it follows, therefore, that this side dees not emit or rndiate so much calorie 
as the blackened side. 

JEmly. This is rery surprising; for the rides are exactly of the same 
sise, and must be of the same temperature. But let ua try the sermtched 
'eurfiiee. ' 

•^s B, The thermometer indieates less heat; and with the polished 
snrfaoe still less.. These two surfoees therefore radbte less and less. 

Caroline, I think I haye found out the reason of this. 

Mn B, I should be very happy to hear it; for it haf not yet (to my 
knowledge) been accounted for. 

Caroline, The water within <he Tessel gradually cools, and the thermo* 
meter shows this. 

JMrs B, It is true that the water cools, but eertainly to a much less 
extent than the thermometer indicates, as you will perceive if you now 
change the bright surface for the black one. 

CaroUne, I was evidently mistaken; for the thermometer again shows 
an increase of heat, now that the black surface fronts the mirror. 

J^r9 S. And yet the water in the vessel is still cooling, Caroline. 

Emily. I am surprised that the bright surface should radiate the least calo- 
ric; for a metallic vessel filled with hot water, a silver tea-pot for instance, 
feels much hotter to the hand than one of black earthenware. 

JUn B. That has nothing to do with radiation, but is owing to the dif- 
ferent power which various bodies possess for conductii^ caloric, a pro- 
perty which we have already examined(88). Although a metallie vessel 
feels warm to the hand, a polished vessel of this kind is known to preserve 
the heat of the liquid within, better- than one of any other material; as it 
loses but little by radiation. It is for this reason that silver tea-pots make 
better tea than those of earthenware(89). 

It has also been found that colour has a great influence upon radiation. 
Thus dark coloured cloths radiate more heat than those of a light colour, 
although they are idike in texture and material(40). 

Emily. According to these experiments, white, or light-coloured dresses, 
in cold weather, should keep us warmer than black clothes, since the latter 
radiate so much more than the former. 

Jtfra B. And tint is aetuslly the case when we are in the shade; but in 
the sunshine, for a reason which you will presently learn, black would be 
the warmest(41). 

Emily. This property, of different surfaces to radiate in dilRsrenC de- 
grees, appears to me to be at variance with the equilibrium of caloric; since 
it would imply that those bodies which radiate most, must ultimately be- 
come coldest. Suppose, for example, that we were to vary the experiment, 
by using two metallic vessels fall of boiling water, the one blackened, the 
other not; would not the black one cool the first? 



57. What kind of vessel may be used in these experiments? 

8€. Why does a metallie vessel feel hotter than one of earthenware? 

39. Why is better tea made in stiver than In earthen tea-pots? 

40. What influence has colour on the radbtioa of a body? 
4i. What effect would this have upon dress? 

D2 
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tide tin ressel of -water, and the concave xnirron; the first radiates iti ovn 
heat, the latter reflect the heat which thej- receiTe from other bodie8(49). 

Jllr« B^ We haye yet mneh to say upon the subject of free caloric, as 
we have hitherto attended only to its nature, and the manner in which it is 
distributed among bodies. The effects which it produces upon them will 
afford, ample matter for another conyersatfon; as the notice of these effects 
>rill lead to the consideration of a number of collateral points irtlMi it is* 
important you should understand. > 



CONVERSATION IV. 

OK THE ,EFF^PTS OF CALORIC. 

JDikUation of Bodies. Pyrometer, Thermometer. Fixed Joints. Air 
Thermometer, Differential Thermometer. Exceptions to the Law of Ex* 
paneion. Fusion or Liquefactioh. 

CaroUne. I had no idea whaterer that the subject of heat would oc- 
eupy one half of the space already passed; but it now seems to me that 
the part unexplored by us is more extensive than that over which we have 
travelled, as we have yet to consider the effects which heat produces upon 
bodies, and these must certainly be numerous. , 

JIfrs B. A knowledge of all the causes and effects of a change of ten* 
perature in bodies, would be a complete knowledge of chemistry; as eveiy 
change in the nature or the composition of any substance is produced or 
accompanied 1^ a variation of its temperatttre(l). You will, therefore, at 
once see the importance of giving particular attention to the effects produced 
upon a body by the entrance of caloric into it. These effects aret, Ist^ 
Expansion or Dilatation; 2d, Fusion or JJqttefaet^ni 3d, Evaporation^ 
and 4th, Ignition or Incandescens^^), 

One of the most remarkable properties of free caloric is it&npwer of 
eoDpanding or dilating bodies. This fluid is so extremely subtn^ that it 
enters and pervades all bodies whatever, forces itself between their particle^ 
and not only separates them, but frequently drives them to a ^nsideran 
ble distance from each other. It i9 thus that caloric dilates or expands 
a body so as to make it occupy a greater space than it did before(3). 

Emily. The effect it has on bodies, therefore, is directly contrary to 
that of the attraction of cohesion or aggregation; the one draws the particles 
together, the other drives them asunder. : 

Jiirs B, Precisely. There is a continual struggle between the attrao* 
tion of aggpregation, and the expansive power of calorie(4); and firom tlie ae* 
tion of these two opposite forces resultsthose various forms of matter*^ in one 
of which all ponderable bodies are presented to us, viz. the soUdf the 
Uquid, and the aeriform or gaseous. Accordingly we find that most sub- 
stances are capable of passing from one to another of these forms, merely in 
consequence of their receiving different quantities of caloric(5). 



49. What may serve as examptes? 
1. Why is the subject of heat of special importance^ 
S. In what order are its effects treated? 
S. How is calorie supposed to operate in dilating bodiesf 

4. What power is opposed to cidorific repulsion? 

5. In how many forms are bodies presented to as? 
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« 

CoT9Une, That i^ rtry enrioni; but I U^Bk I underftohd the reAsoa of 
it If a great quantity of ealorie ia added to a solid body, it iatroducea 
itself between the {Mirtieles iA aooh a manner as to overoome the attraetion 
of cohewon in so great a degree, that the body, firom a solid, is con?erted 
into a liqaid(6). 

Jt^B M. This is the ease vhcneyer a body is fiised or melted^ but when 
yon add eaiorte to a liquid, can you tell me what is the consequence? 

Caroline. The calorie forces itself in greater abnndamce between the 
particles of the fluid, and drives them to such a distance from each other, 
that their attraction'of aggregation is wholly destroyed, and the liquid is 
transformed into Tapour{7). 

Mra B. Very well; and this is precisely the case with -boiling water, 
when it is converted into steam or vapour, and with all bodies that assume 
an aeriform state. « 

Emily. I do not well understand the word aeriforfii» 
J^rt B. Any elastic fluid whatever,* whether it be merely a vapour, or 
permanent gas, is called aerilbrJBb Steaa and the air of the atmosphere may 
serve as examples(8). 

Endly, Are bodies in all these forms <«xpanded by heat, or is it only 
when they are changed from one to the other that this dilatation takes place. 

Mro B. It is a general law that botUeOy in aU their forms, 
are expanded hy Jieia, and contracted by cold{9). That this 
law operates on solid substances, I will show you by a simple 
but very decisive experiment I have here a brass holl 
turned perfectly spherical, and a ring through which, as you ^ 
see, it will just pass, when both are at the same temperature. 
I now dip the ball into boiling water, and it will no longer 
pass through the ring, but on heating the latter in the same 
way it passes as before. I again dip the ring into cold water, 
and it becomes too small to admit the ball through it 

Caroline. 1 knew that heat expanded bodies, but I had 
no idea that, with so small a degree of it, this e£fect could 
be rendered so very conspicuous(lO). 

Mrs B» By means of this other instrument (called a py- 
rometer) we may estimate, in the most exact manner, the dila- 
tations of various solid substances by heat The body we are 
now going to submit to trial is this smaU iron bar: I fix it to the apparatus, 
and then heat it by lighting the lamps beneath a metallic box through which 
It passes, and in which there is a portion of water. The fluid is made to 
boil, and heats the iron bar. When the bar expands, it increases in length 
as well as thickness, and, as one end communicates with these moveable 
levers, whilst the other end is fixed and immoveable, no sooner does it 
begin to dilate than it presses against the levers, and sets in motion the in- 
dex, which points out the degrees of dilatation on the graduated segment(l 1 ]. 




6. How does heat operate in converting a solid into a liquid? 

7. How in producing the aerifi>rm state? 

8. What is meant by aeriform? 

SL WhalU the general law respecting expansion? 

10. How may the expansion of solids be shown? 

11. Describe an instrument used for aeuonBg the enpaasion of tolids. 
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[The box a contains water to be boiled. fj"i\ a metal rod to be heated, 
-which passes through metallic studs ^^, and this -wire a is fixed firmly al 
one end, and at the other presses against the lerer by which operates on 
the index c, oansin^ it to more along the graduated arc d \o the distance 
of an inch, whilst the barexpands only 1-400 part of that distance. 

The box a may be removed, and the lamps placed under the rod, when 
the expansion will be increased.] 

EmUxf. This is, indeed, a -very curious instrument; but I do not under- 
stand the use of the levers. Would it not be more simple, and answer the 
purpose equally well, if the bar, in dilating, pressed directly against the in- 
dex, and put it in motion without the intervention of the levers? 

J^frs B» The use of the levers is merely to multiply the motion, and, 
therefore, render the effect of the caloric more obvious; for if the index 
moved no more than the bar increased in length, its motion would scarcely 
be perceptible; but by means of the levers it. moves in a much greater pro- 
portion, which therefore renders the variations far more oonspicuous(12). 

By submitting different bodies to the test of the pyrometer, it is found 
that they are far from dilating in the same proportion. Different metals 
expand in different degrees, and other kinds of solid bodies vary still more 
in this respect. 

CaroUne, I svqipose that this difference of expansion results from the 
dififerent force with which the particles attract each other. 

Mrs S, You are perfectly correct; as caloric is the antagonist of cohe- 
sion or ag^gregation, it would necessarily follow that those bodies which 
possess the greatest tenacity would be less affected by a given quantity of 
heat, than those in which attraction is exerted with less force(ld). 

In conformity with this law, we shall find that fluids which possess but 
little aggregation, undergo a degree of expansion far exceeding that of solid 
bodie8(l4). 

I have here two glass tubes, terminated at one end by large bulbs. We 
shall fill the bulbs, the one wHh spirit of wine, the other with water. 
I have coloured both liquids, in order thst the effeet may be more eont^ieo- 
ous. The spirit of wine, you see,, dilates by the warmth of my hand as I 
hold the bulb. 



13. What is the use of the levers in this instrument? 
IS. Why do different solids expand differently? 

14. How does this law affect the expansion of fluids? 
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A^r- '* — hinlr rTnri. fnr I ww it ii rjrfm lain Ihii Inti Bntwater, 
K •ecmi, i> Bot u euOy afitcted b; heat] for MaracI; ^> ehuge ii brh 
duad on it bf the v^iatb of tke bud. 

JIfraJ}. Tne^ve dudlMvptaiifetbebnlbi 
into hot water, a>id joa will aee both liqaida rise 
in the babeaf bat the ^rit of wine wilt ■■eend 
hiBheK. 

CarvUne, How n^iMj it eipaadi! Now it 
hai mearlj reached the top of the Wbe, thoagfa the 
Wat^^ haa bardlj began to Ti>e* ' 

JSiailg. The water dow begini to dilate. Arc 
not theie ^aia tabei, with liquid* riung wilhia 
. Aem, Tery like thermometEnflS}? 

Jira Sm a thermometer ii eotistmeted exaetlr 
on the lame principle, aadiiin fact a Hnall bottle 
with a long narrow seek. Were fon to fill anah 
a bottle K> thM the eoBtained flaid reaebed aome 
way up the neck, yon would find it rile in warn, 
and aabaide m sold weather, ai in theie tabea, 
which require onlj a aaale to (atwer the pnrpose 
of tbermDinetera: they woold, haweTer,be r^her 
awkward in th«r dimenuoat(ie). The tubes 
and bulbs of tbermometera, though of TarJoui 
aiiea, are, im general, mueh smaller than tfaeae. 
The tube too is olosed, by mating the end of it 
■□ as t« preveDt the loia of the fluid, and to ex* 
olade the air. The fluid moit generally used in 
thermometers, is mercury, commonly called quieksilrer, the dilatations and 
eootraction* of which oorreipond more exactly to the •ddJiiras and nib- 
tractions of cslorie, thin those of any other flaid(ir). 

CaroUnt. Yet 1 haT« ofleu seen coloured spirit of wine Died in tber- 



JUri S. The expantions and eontraetiona of that liqnid are not quite so 
nniibrm a* those of mercuiyi nor will it answer for teraperatui-es mnch 
abore the heat of aammer, ai the spirit, if more higUy heated, would bo 
OOnrerted into laptnir. There are two cases, howeier, to which apirit of 
vine is pirtiaulsrly applicable: from its great eipsniibili^ it enablea as 
to aaaertaln very alight rariationi of temperaturet and its not being irosen 
by the moat inlenae cold with which we are acquainted, renders it indlepea- 
•able in measuring thoae lower degreea, where mercury and every other 
known fluid is converted into the sol>d aUte[18). 

Emily. I hive ofUn seen it mentioned that the best wis so many degrees 
of Fahrenheit's acale, or of some other scale that wis named. I do not under- 
stand how the difference of the scale can make any difierencs in the heat of 
the weather, or in that of any oth« thing. 

JUrt B. The scale of a thermometer is merely a flat plate [daced behind 
the tube, and marked with small divisiona to show to what height the fluid 
riBcs(ie). These divisions, like ttie weights and meaiuresof different eouo. 
triei, are arbitraiy. A pound or a foot in Friuce is not the same with our 

II. By what experiment Is the different expanrion of liquids shown* 

tS. In what reapeet do anch a tube and bulb ^sembte a thervumeler/ 

n. What fluid ia generally used in a thermometer? 

IS. Spirit uf wine ia sometimea used, what are itsadrantagea and disad- 

19. What ia meant by the wait of a tbemoncW.^ 



^ "'" 
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poimd or fbot; so»4iSe^^ penenf, or ittker dHfereat oountries, haye adopt* 
ed scales ibr thermometers, the dep*ees or divisions on "which tary much 
ftom each otlier(30). All, however, proceed upon the same principle in oh» 
tahiiog what are ealled the ftzed points. 'These fixed points are the. tempe* 
ratttire at which waiter fireeses, and that at which it hoilsf as, under ordmaiy 
circumstances, these effeeta take place ait the same degree otoi^ where(Sl). 

In making a mercurial thermometer, after preparing the tuhe with a hulb 
at one end, the hulb and a part of the tiM^ are filled with qui<d»ilTer, the 
quantity put in Iteing sujoh that il will staad above the bulb at the freezing, 
and not reach the top of the tube at the belling point. It is then seal^ 
hermetically t dipped into freezing water, and a mark made on the tube at the 
point to which the mercury aii^ whesr in this situation: it is afterwards 
placed in boiling water, and a similar mark made at the point to which 
the mercury then risea. On patting it into boiling or freezing water t^- 
any other time, it will rise and fall to the same points. The tube thus 
prepared is fitted on a piece of metal or ivory, wiiieh is to be so divided 
as to form the scale. In doii^ 0^ the boiling and freezing points are 
first transferred to^the soale, whatever is to be the-subsequent divisioii(22). 

CaroUne. Then if thermometers were wuited to show these two points 
only, they would be alike in every country. 

Mrs B. Ves, atfd it is the number of parts into which the spaces be* 
tween these points are divided Which oonstltutev the difference in the degrees. 
There are three different scales which you ought to know; as they are each 
in use, and two of them extensively; these are Reaumur% the CentigradCy 
and Fahrenheit si^^d), Tiie former is divided into eighty parts or degrees, 
betweeu tiie freezing and baling points, so that by it water freezes- at 0^ and 
bolls at 80*^(24). The centigrade is now generally used in France, and is 
divided between the two fixed points, into one hundred parts; the freezing 
point is 0** and the boiling point 100**(25). In both these thermometers you 
count the degrees from the freezing point, the degrees below being called so 
many below freezing, or the term minut being iised(26). 

The thermometer used in this country and in England is Fahrenheit's. 
This is divided into 180° between the freezing and boiling points, and 32° of 
the same size are then laid off below the freezing point. From the last degree 
so laid off this scale begins; so that the freezing point is called S2°, and the 
boiling point 212°; thirty-two and eighty making that nuin^er(2r). 

JErmly, The varietjr of scales must be very inconvenient, and, I should 
think, liable to ocoaaion confusion in -eomparing our experiments and ob- 
lervations with those of the continent of Europe. 

J^rs JS, It is certainly inconvenient, as it gives some trouble, but need 
not create any confusion; it being easy to compare one scale Vith another, 
when we know the relative length of their divisions. In Reaumur's each 
degree is equal to 2|- of FahrenJieit's; and five degrees of the centigrade 
are equal to nine of Fahrenheit. In comparing them, however, it must be 
recollected tibat the scale of the latter commences 32° below freezing(28)« 
The thermometer which I now show you has two of these scales, Fahrenp 



SD» What has led to the adoption of different scales? 

81. What are ib»J!a:ed points in a thermometer? 

83. State the general mode of procedure in making a thermometer. 

83. What are the three scales denominated which are in use? 

84. lu what way is the scale of Reaumur divided ? 

85. How is the centigrade divided, and where is it used? 

86. How are the degrees above and below freezing designated? 

87. In what way are the divisions of Fahrenheit obtained? 

88. In what way are these three scales compared? 
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le on eaah ride of the tube. (3eel]ie word lto^ 

Canline. The centigrade Memi to nw 

inugiue vhj the freezing paint ii called 33°, 
or what adnBttge ii derived from it 

Mrt B. There reUlj i> no ■diintige !■ 
It; and it origioMed in a mialaken opinioa of 
the inttrameot-nuker, Fahrenheit, who fir>( 
' belli. CDutnsted thoe therAometerg. Be mixed 
•now and Mlt together and prodneed by that 
meini a degree of cold which he oonclnded 
WM the greatest pouible, and therefore made 
fail Hale begia from that poiDt(29). 

Emiiy. Are spirit of wine aad merooiy 
the only liquids used in the oonitniclion of 
thermometera \ 

MraB. Thejaretheotdy liqnidi Jngen- . 
era! oie for thia purpoaei but for experi- 
menta in which ■ very quick and delicate teil 
of the change* of temperature is required, ur 
ia lometime* employed(30). The 
bulb of an air thermometer ii filled I 
vichcommoQ air only, and (be tube 
or atem, which ^aold be aiiteea or 
eighteen inebea long, has iti end 
left open. If thia end be inverted in 
a cnp eontaiuiDg lome coloured 
liquid, and tbe bulb graaped in the 
warm b)iDd, the air within being 
expanded, will be seen bubbling up 
through the liquid. On withdrawing 
the hand, tbe air will contract by 
eooling, and in conaequenec the li- 
quid win gradually aicend in the 
tube, iti altitude always dependiog 

['''^"■cflted by a scale(31). 

Such was the first kind of thermo- 
meter made, and it was the invention 
ofSanctorio, an Italian philoaopher. 
It ii found very useful for detecting 
minute changes of temperature In 
many chemical experiments. IF I 
merely breathe on the bulb you 
It the liquid 



1 then blox 

Caroline. Thia 



It it ri 



i 



K. What led Fahrenheit to the adoption of his lero 

SO. What forms the moat delicate thermometer? 

31. Describe the coDStructton and operation of the ai 

33. What i* said in proof of its great leniibili^f 
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■1*0 to ahow the cipanilon of air b^ hett, and ttiat in thia reapeet it greati/ 
exoeed* either lolids or liquids. 

JUrt B. You haie anticipated my cBlling jour ■ttention to &\t hat, a* 
tt complete! the eTidence of the eipanaion of bodiei in all their forma. 
That the dilatation of air shoulil be gpreater than that of aolidi or Ilqaida 
follows of neoeiiity, from the airoumatanie of there being in it no attraction 
of cohesion to overcome (33). 

Before digmiising the air (herroonieter I vil' 



ihow yon one of a Terj pecoliar 
vhich wai contrived by Mr Leslie to nae in hi 
eiperiroeoti on the radiation of heat from differ 
ent aarfacei. It ia called the digerenHal ther 
momeler, and con^isti of a glaii tube nearly in th 
form of the letter U, vith a bulb at each lermi 
nation. Each of these balbieontaiDaair, and thei^ 
li lome coloured liquid in the tube which more 
vhen the ah' in only one of the bulba is dilalei 
or eontraoted, hot remaini itationary whenere 
they are both exposed to the same temperatarc 
If, therefore, you lake the initrament from on 
room to another of a different temperature, as th< 
■ir iu each balb will be equally expanded or con 
tracted, the liquid will not show any evidence o1 
the cbange(34). 

Emily. This aeemi rather a strange kind ol 
thermometer which undergoes no change in be 
ing removed from a hot into a cold place, 

JIfrs B. The name of difereniial was givei 
to it, because it shows the'difierence of tempera^ 
tare in the two bulbs. It was on thia account pe- 
culiarly adapted to Mr Leslie's eiperiments. 
when one bulb waa placed in the focus of the n 

nnalTected by every chan|;e of temperature in the room, but indiOBte any 
Tuiation which took place in the focua by ndiaCian(3S). 

Emily. But do common thermometera Indicate the exact quantity ofca- 
lorio contained cither in the atmosphere, or in any body with which fliey 
are in contact^ 

JUrt B. No: firat, because there are modifications of ealoHo which do 
not affect the thermometer; it ia in fact only the free caloric whieh doe* 
affect it; and, secondly, because the temperature of a body, as indicated by 
(he thermometer, is only relative. When, for instance, the thermometer 
remains stationary at the freezing point, we know that (he atmosphere, (or 
medium in trlucb it la placed, whatever it may be), is as cold ai &eeiing 
waterj and when it stands at the boiling point, we know that thia medium is 
a* hot as boilins wateri but we do not know the positive quantity of heat 
BOBlained either In freezing or boiling water, any more than Ve know the 
real extremes of beat and cold; and consequently we cannot deteimioe lliat 
of the body in which the thermometer is place<l(36). 

Caroline. I do not quite nnderatand this eiplaiMtioii. 

Jffn B, Let ua compare a thermometer to a well, in which the water 
rise* to different heighta, acaordmg ai it i* more Or le*B abaadnttly mp^ied 



t3. What reaaon exists that air should dilate more than other bodieiT 

34. Describe the diOerential thennoroeter. 

35. Why is It so called, and to what parljcnlar use wa* it applied? 
S6. DoeaathermometcruidiBate tlKquautityofealoiieiBabo^* 
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by the spring which f<fee4s it. If the depth of the well is aiifiithomable» it 
must be impossible; to know the absolute quantity of water it contains; yet 
we can with the greatest accuracy measure the number of feet the water 
has risen or fallen in the well at any time, and consequently know the pre- 
cise quantity of its increase or diminution, without haying the least know- 
ledge of the whole quantity of water it contains(37). 

Caroline, Now I comprehend it very well: nothing appears to me to ex- 
plain a tiding so clearly as a comparison. 

Emily, But will thermometers bear any degree of heat? 

^rs B. No: for if the tempe|^ture were much above the highest degree 
marked on the scale of the thermometer, the mercury, by its expansion, would 
burst the tube: and no thermometer can, on any account, be applied to 
temperatures higher than the boiling point of the liquid used in its con- 
struction; for, on the liquid beginning to boil, the steam would burst the 
tttbe(38). * 

Caroline, True, this point must limit the degree of heat which can be 
measured by the thermometer; but how then can we ascertain the high 
temperature of our fires, and of furnaces? 

Jiifra jB, There is yet no accurate instrument known for eflfeeting this, 
although several have been devised. That which has been most depended 
upon is a pyrometer invented by Wedgwood, . Clay possesses the property of 
eontracting in the fire to a very considerable extent, and in a degree which 
is proportioned to the heat to which it has been exposed(39). To take ad- 
vantage of this property, Mr Wedgwood used a particular kind of clay, 
which he baked so as to expel the moisture contained in it. Pieces of this, 
half an inch in diameter, were placed in an earthen-ware, glass-house, or 
other furnace, and when taken out they were measured by a particular kind 
ot* gauge, to ascertain how much they had diminished iu bulk, and from this 
diminution the degree of heat was estimated(4fO). 

Etnily, And what has been th$ difficulty in the use of this means for the 
purpose intended? I can see none, if the clay shrinks in proportion to the 
heat. 

JSIrs JB. Besides some other objections, it has been found that the clay 
will decrease in bulk by a lengthened exposure to the same temperature, 
and that its indications were not therefore to be depended upon(41 ). The ob- 
servations made by it, however, are useful, although not considered as per- 
fectly accurate. 

CaroUne, It seems that iU this case we have to unlearn what you have 
just been taking so much trouble to teach us, that all bodies are expanded 
by heat; for you tell us that it contracts the clay(42]. 

Mr9 B, There is certainly much difficulty on this point, arising un- 
doubtedly from the imperfection of our knowledge. Whether in the instance 
we are considering, the clay affords a real, or only an apparent exception to 
a very general law, is still a question. When it is first put into the fire it 
is a porous, spongy mass; when it comes out, it is close and compact. Al- 
though it has not undergone fusion, still the fire has had the effect of so ar- 
ranging its particles as to diminish the quantity of pore, and consequently, 
to lessen the dimensions of the mass. After the piece has been taken from 



37. How is tlUs illustrated by comparison? 

38. What limits the temperature measui*ed ? 

39. What particular property is possessed by clay? 

40. In what way did Mr Wedgwood employ it? 

41. What circumstance rendered it inaccurate? 

42. What does the contraction of the clay seem to contradiet? 
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the fire, howeyer, and allowed to cool, it will then lie found, like other bo- 
dies, to expand by heat and contract bj cold(43). 

Caroline. If there are no other exceptions to the law than this, I shall 
feel inclined to be satisfied; hot if there are many such, I scarcely think it 
ought to be called a law. 

J\fr8 B. I know of bat one other, which,, to a certain extent, is a real 
exception, and one which we shall find to be wisely ordered, for a most 
beneficent purpose in the economy of nature. The substance in which it 
takes place is water(44). 

Emily, But did we not see that water expanded by heat, and contracted 
by cold, as well as spirit of wine, although in a less degree? 

Mrs JB, You are perfectly correct: as water is cooled, it continues to 
contract until it arrives at 40°, which you know is 8** aboye the freezing 
point; but after this it absolutely expands until it descends to 32% when it 
begins to freeze(45). 

CaroUne, I should like to know the cause of this. 

Mrs B. And I should be pleased if I could tell it to you. The most 
plausible explanation of it that I have met with, is founded on the known 
fact that water when it freezes expands considerably; ice being less dense than, 
water. That arrangement of the particles upon which tlie increased bulk 
depends, must take place whilst they are in a fluid state, and this it has 
been supposed commences at 40** and is completed at 32*^(46). 

Although the cause maybe obscure, the beneficial effect of the circum- 
stance we are considering is evident This property of water, in conjunc- 
tion with its previous contraction, prevents the freezing of deep lakes, even 
in very cold climates, and causes our rivers and other comparatively shal- 
low waters to freeze at the surface only(47). 

Can you tell me, Emily, what will be the efiect upon a body of water, 
Vhen the atmosphere becomes so cold as to be below the freezing point? 

Emily, I think so. The cold air will deprive the water of a portion of 
its caloric at the surface, and this cooled water being rendered more dense, 
will descend, and expose a new stratum to the air; and unless the weather 
should change, this process will continue until all the water is brought to the 
temperature of the air. 

Mrs B. In the former part of your explanation, you are right; in the 
latter, wrong. The cooled stratum of Water will descend until the whole is 
reduced to 40°; but ader this, as it cools, it expands, and therefore the in- 
ternal motion, occasioned by the increased specific gravity of the condensed 
particles, ceases; for when the water at" the surface no longer condenses, it 
will no longer descend, and leave a fresh portion exposed to the atmosphere. 
The same surface, therefore, will be further deprived of its caloric, and 
will soon be brought down to the freezing point. When it becomes ice, 
this being a biad conductor of heat, preserves the water beneath a long 
time from being affected by the external cold(48). 

In very deep lakes the whole length of winter is insufficient to produce 
this efiect; and in rivers, and all other waters, when the surface is frozen, 
that below is still above the freezing point, and may be at 40 degrees(49). 

CaroUne, And the sea also does not freeze, i suppose, because its depth 



43. What remarks are made renpeoting this contraction? 

44. What other Body furnishes ai;^ exception to the law of expansion? 

45. Under what circumstances does this exception exist? 

46. To what cause is it attributed? 

47. What benefit results from it? ' .... 

48. What is the process of cooling in deep water? 

49. What if the conse<|uence in very deep^ Iskeiai^^te lireK? 
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is BO great, that the A*08t never lasts long enough to bring dovit the t6mpe* 
future of such a vast body of water to 40 degrees? 

JH[r9 JS» That is one reason why the sea, as a large mass of vater, does 
not freeze. But, independently of this, salt water does not freeze till it is 
eooled much below S2 degrees. Salt water is also an exception to the lav 
•f condensation, obeyed by fresh water, as it continues to condense eyeii 
many degrees below the freezing point When the caloric of fresh water, 
therefore, is imprisoned by the ice on its surface, the ocean still eontinaea 
throwing off heat into the atmosphere, which is a most signal dispeusation 
of Providence to moderate the intensity of the cold in winter(50). 

This, as well as some other points coinnected with changes of temperature 
in several of the operations of nature, you will more perfectly understand 
after having attended to combined caloric, which will be the subject of our 
next conversation. Do you recollect our second division of the effects of 
ealoric? 

Endly. Yes, very well; it was funon or liquefacHon{51), which we 
kuow takes place in a great number of bodies; but I think we ahall find 
more exceptions to this than to the law of expansion. 

JIfrf J9. Perhaps you may find more apparent, but no real csxceplions. 
The property of repulsion is manifestly owing to caloric; and as it is easy, 
vithin certain limits, to increase or diminish the quantity of this principle 
in any substance, it follows that the forms of bodies may be made to vary at 
pleasure; that is, by a sufficiently intense heat every solid may be converted 
into a fluid, and every fluid into the aeriform state(52). This inference is 
so jEar justified by experience, that it may safely be considered as a general 
law. The temperature at which liquefaction takes place, is called the melt- 
ing or fusing point; and that at which liquids become solids, the point of 
•Ongelation(5d). For each individual substance these points are the same, 
as 38*^ is the point of fusion and of congelation for water; but in the fusing 
pcint of different substances, as of ice and of iron, there is an immense 
Tariation(54). 

Caroline, It seems to me that the distinction of solid and fluid is alto- 
gether accidental, as it depends upon the temperature to which a body it 
exposed. 

JIfra S, It is undoubtedly so. Were the medium temperature of our 
globe below 33°, we should class water among solids, and speak of its fusion 
as we now do of that of wax or tallow. Abstracting the operation of 
daloric, therefore, the natural state of all bodies would be the solid(55). 

EmUy, All then that is necessary to convert & solid into a fluid it to 
destroy the attraction of cohesion among its particles. 

Mrt S. Not exactly so. Whtsn you reduce a solid to an impalpable 
powder you destl^iy its attraction of cohesion, but you do not thereby form « 
fluid. In a fluid the attraction of cohesion is not destroyed, but only modi- 
fied by the agency of caloric. Drops of water and of other liquids cohere; 
two small drops of water, or globules of mercury, if brought into contaet, 
will run into one, manifesting a considerable force of attraction(56). 

CaroUne. There appears to me much difficulty in conceiving how a body 
oan be a fluid whilst its particles attract each other, as it is upon this pro* 



50. Does salt water obey the same law ? 

51. After expansion, what is the nex^ general effect of heat? 

52. What remarks are made on the liquefaction of solids ^ 

53. What are the two points called at which the change occurs? 

54. Wbat is said respecting the fusing point of different bodies? 

55. What is said of tfie natural state of bodies? 

56. What respeeHag attraction in fluids? 
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pQr<7 that soltditj depends; yet it is evident that in theae part&eles attraetion 
is not destroyed. 

J^ra B, Fluidity Has been considered as depending upon the equable 
attraction of the particles in whatever position they may be placed. Bolidi 
are supposed to be such because the particles of which they are composed 
attract each other with greater force in certain directions than they do in 
others, and a corresponding power, therefore, will be necessary to alter 
their positions; but if, by introducing caloric, you ean equalize the attrao« 
tion so that it remains )the same in every direction, there then being no re- 
sistance from .attraction, the particles will move among themselves with 
perfect facility, and it is this which constitutes fluidity(57). 

Caroline, The reasoning appears to me to be satisfactory, and yet there 
is a something in the action of diese particles which seems to make it very 
difficult to reason about them; for although they must exist, it is not as sen- 
sible ol^ects that they do so, but as mere ideas of the mind. 

Endly. I have been looking for an explanation of the exceptions to this 
liw, which seem to me to present themselves in crowds. Wood, linen, 
paper, coal, and many other things undergo combustion without showing 
the least tendency to fusion(58). 

J\ir9 J3. Your enumeration of apparent exceptions is very good, and it 
--is perfectly natural that they should present themselves to you as reallj 
such; but all the various articles of which these bodies are composed, are 
in other combinations, frequently found in the fluid state(59). Such 8ub« 
stances as you have mentioned do not become fluid when subjected to the 
action of heat, because they are decomposed ^at a temperature below that 
-which is requisite for their fusion. In proof of this, chemists have effected 
the fusion of some of them, by the adoption of such means as prevented their 
decomposition 60). 

CaroUne, There appears to be something more than mere deeomposi« 
tion in the combustion of these bodies. They not only escape from being 
converted into fluids, but actually go out of existence. From wood, for 
example, a little smoke flies off, and some light ashes remain behind, but 
the larger part of it, both in weight and bulk, vanishes entirely(61). 

Mrs B. You will soon learn that not an atom of it is lost; that although 
the chemical union is dissolved, the matter remains, possessed of all its me- 
chaniq^ attributes. The solid substance has been converted by heat into 
invisible, elastic fluids, but in this there is no approach towards annihilation/ 
We may alter the forms of bodies, but we have no more power to destroy a 
'single particle of matter than we have to create it. Whilst reason sanctions, 
chemistry most beautifully exemplifies the universality of this truth(62]. 

Heat not only liquefies, but may be rendered sufficiently intense to convert 
most bodies into vapour, and we believe that in their nature, all are snsoepti* 
ble of the same change, although we have not yet, in every instance, succeed- 
ed in effecting it(6d). Evaporation, you know, is the third general effect of 
free caloric. This, with ignition, we will talk about to-morrow; and how- 
ever interesting you may have found those effects of heat which we have 
already examined, that which we have next to consider, will, I ^ink, be 
still more so. 



57. How is the state of fluidity explained? 

5S. What apparent exceptions are there to the fusibility of bodies? 

59. What is said respecting such bodies in other ewnbiaations? 

60. Why do not wood, coal, and other such bodies liquefy? 

61. What remark does Caroline make? 

63. Can any portion of matter be annihilated? 
63. What is believed respecting the evaporatiML of all bodies? 
E 2 • f . 
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CONVERSATION V. 

EFFECTS OF CALORIC CONTINUED. 

Fixed and vlaiUe Bodiet. EroaporaHon and Vaporization, 
Jf\/lueneeofJttmo9pheriePrei9ure, Steam, Solution and Saturation. fV^i- 
laetonU Thermometer, Water frozen by vaporizing Ether, DietUlaUdt^ 
Ignition. 

CaroUne, I am quite anxioui, Mn B., t6 enter upon the subject of ma 
aioming's leiaon; for although I know that water, and milk, and odiep 
liquids may be evaporated by heat, I have never had an idea that this could 
take place with bricks and stones. I am now, howerer, prepared to bdicTe 
almost any thing excepting my senses; but I confess that I should like imuli 
to see a block of marble boiled away. 

•Wr» S, Your reason, my dear child, was given to guide your tenset, 
by enabling you to treasure up, and compare with each other, the facts wliich 
you observe, and thence to deduce results with respect to what is unteeii, 
equally certain and satisfactory with those which are actually the objeeta of 
•ense. Bricks and stones may be fused in a common smith's foi^, and anat* 
logy convinces us that it is only the limited means which we possess that 
prevents us from converting them into vapottr(l). Those substances which 
we cannot convert into vapour, are called ^xe</, whilst those which are evapo« 
Table are called volat^9). The high temperature which the improvements 
in science have enabled the chemist to command, has greatly reduced the 
•atalogue of fixed bodies, and it is not improbable that those which remain 
are destined ere long to yield practical evidence of the truth of the general 
law(d). 

Caroline, As it is the attraction of cohesion which keeps bodies together 
In the mass, and as heat appears to be the agent of repulsion, it is evident 
that it only requires an excess of caloric completely to counteract this at- 
traction, however powerful it may be(4). 

Emly, i can understand very well how caloric may convert liquida into 
vapour) but still there seems to be other means of effecting this, as we 
know that water dries away not only at tlie common temperature of the at- 
mosphere, but that even in cold frosty weather, clothes which are hung out 
will still become dry, although they may freeze. It would seem, therefore, 
tbat cold may evaporate bodies as really, if not as rapidly, as heat; or, as 
told is merely a negative state, perhaps I ought rather to say that air as 
well as caloric will convert bodies into vapour(5]. 

Mre B, You will find after a little inquiry, that calorie.is stiH the agent, 
whether bodies are converted into vapour at natural or at artificial tempera* 
tures, and that the processes of evaporation and vaporization bear a strong 
analogy to each other(6). They, however, are very properly distinguished by 
different names; and though we do not always restrict ourselves to the eor- 
rect employment of these terms, yet the precision of our ideas would be 
promoted by greater care in this particular. 



t. Why cannot bricks and stones be converted into vapour^ 
S. How are bodies classed iu respect to this effect of heat? 
S. What is rendered probable respecting fixed bodies? 

4. What reason is urged in support of this opinion? 

5. What remark is made on evaporation without heat? 

6. What is the reply to the objection made? 
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"By e9apiircii(m ve nieaa tbe GoiiTersioii ofbodiet into Ti^onrat eommoft 
temperatttres, and by vapprixaHon the rapid production of Taponr by ebulli* 
ttoii(7); ike otdj assignable difference between them it, that the former 
(takes place quietly, the latter with the appearance which we denominate 
l^ling(8). In every case, however, all other circumstances being alike, wo 
shall find that the rapidity of the process is precisely proportioned to the 
temperatnre. We cannot eater fUlly into this part of our subject until 
you knaw something of combined caloric; still there are some £ftets and ex* 
periments connected with it, which we shall presently attend to, as they will 
aerre to illustrate the truth, that vapour is not produced without heat, and 
eonsequently that caloric is the cause of this change of form. 

Caroline. I do not exactly perceive why evaporation should proceed m 
quietly as to be invisible during the process, whilst boiling is accompanied 
with so much agitation, if the cause producing each is precisely the same. 

•Ifrt £i The essential difference between the two is, that in evaporation 
the vapour rises fi-om the surface, only, of the liquid, whilst in boiling it la 
produced at the bottom of it, where die heat is applied, and in passing up 
through the liquid causes that agiution which we call boiling(9). That 
evaporation is proportioned to the extent of the sur&ce of a fluid is proved 
hj ike fact, that although the depth of the water in a vessel may be increased* 
Its loss by evaporation will not be affi^eted thenefay; whilst, if you place it in 
another vessel in which the siurfaee of the water is doubled, the evaporation 
win be doubled ai.so(10). In boiline, on the contrary, the vaporization i« 
proportioned to the intensity of the fire, and the extent of that part of tho 
Tessel which is exposed to its action(U). 

£wultf. Then the difference seems to be that in evaporation the heat ia 

in the air above the liquid, and in boiling it is ia 
the fire below it; and in this ease, it seems to me* 
that were we to apply the fire over the water, it 
ought to evaporate only, and not to boil. 

Mr^ £• Your reasoning is good, and your conjee* 
ture just. It is, however, as you know, yery diffi« 
cult to heat water from above, on account of liquids 
being such bad conductors of heat; but were you to 
bring it to the boiling point, tjbe consequence would 
be only a rapid evaporation, without any commo- 
tion(lS). 

We will boil some water in Uiis Florence fiask, ia 
order that you may be well acquainted with the pro* 
cess of ebullition: you will then see, through the glass, 
that the vapour rises in bubbles from Uie bottom. 
We shall make it boil by means of a lamp, whidi it 
more convenient for this purpose than the chimney 
fire. ' -^ 

JEnd^, I see some small bubbles ascend, and a 
great many appear all over the inside of the flask; 
does the water begin to boil already? 

JhTrt J9. No: what jou now see are bubbles of air, 
which were either dissolved ia the water, or attached 



7. What is intended by the terms evaporation and foapmixaHon ? 

8. What is the sensible difovnce between them? 

9. What produces the agitation in boiling^ 

to. To what is evaporation proportioned and how is this diown? 

11. To what is vaporization proportioned? 

19. What would be the effect of a^lyiag heat above a fluid? 
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ciooled and partially eondensed, the mimite drops of water, which are 
mixed with the air, become risible; hut then again as they pass into the 
room, they acquire a fresh portion of caloric from the atmosphere, are again 
dissoWed, and therefore no longer seen(29). 

Caroline, Solution then is a mode of destroying the attraction of i^gre- 
gation(30). 

Jlfr« JS, Undoubtedly. The two principal solvent fluids are wtaer and 
cafor»c(3l). You may have observed that if you dissolve salt in water it 
becomes totally invisible, and the water remains clear and transparent as 
before; yet though the union of these two bodies appears so perfect, it is not 
produced by any chemical combination which permanently alters the nature 
of either of them; for if you were to separate them by evaporating the water, 
you would find the salt in the same state as before. You are not, however, 
to conclude that there is in this case no chemical union at all, but merely 
that it is one whiah is easily destroyed(32). 

Emily, I suppose that water is a solvent for solid bodies, and caloric for 
liquids? 

Mrs B. Liquids, of course, can only be converted into vapour by caloric; 
but the solvent power of this agent is not at all confined to that class of 
bodies. A great variety of solid substances are dissolved by heat; thus me- 
tals, which are insoluble in water, can be dissolved by intense heat, being 
first fused or converted into a liquid, and then rarefied into an invisible va- 
pour. Many bodies j'ield to either of these solvents(33). 

CaroUne. And that, no doubt, is the reason why hot water will dissolve 
most bodies much better than cold water. 

Jifra B, It is so. Caloric may, indeed, be considered as having in every 
instance, some share in the solution of a body by water, since water, how- 
ever low its temperature may be, always contains more or less caloric(34). 

Emily. Then, perhaps, water owes its solvent power merely to the ca- 
loric contained- in it. 

J)tr8 B, That, prohably, would be carrying the speculation too far. I 
should rather think that water and caloric unite their efforts to dissolve a 
body, and that the difficulty Or facility of effecting this, depends both on the 
degree of attraction, or aggregation, to be overcome, and on the arrangement 
of the particles which are more or less disposed to be divided and penetra- 
ted by the solvent(35). 

Emily. But have not all liquids the same solvent power as water? 

JHr6 B, The solvent power of other liquids varies according to their 
nature, and that of the substances submitted to their action. Some of them, 
particularly the acids, dissolve the metals, and in so doing are themselves, 
in many cases, decomposed. A great variety of new substances is thus form- 
ed(36]; but these more complicated operations we must consider in another 
place, and confine our attention, at present, to the solutions by water and 
caloric. 

Caroline, But there is a variety of substances which, when dissolved in 
Water, make it thick and muddy, and destroy its transparency. 

^irs B, In this case, it is not a solution, but simply a mixture. I shall 



29. How does this exemplify the difference between 8oZuf»on and mixture^ 

30. What does solution destroy? 

31. What are the principal solvents? 

32. What is remarked on a solution of salt in water? 

33. What general remarks are made upon water and heat as solvents^ 

34. Does caloric appear to be concerned in solution generally? 

35. What appears to be the joint action of water and oalorio^ 
3$. What is said of other solvents? 
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show jou the differenee between ft solution and a mixture, by putting some 
common salt into one glass of water, and some powder of chalk into ano- 
ther. Both these substances are white, but their effect on the water will be 
very different. 

Caroline. Very different, indeed: the salt entirely disappears, and learei 
the water transparent, whilst the chalk changes it into an opake liquid 
like milk. 

Jifra B. One character of a solution is transparency. It need not be co» 
lourless, as there are solutions of almost every variety of colour, but they 
are all transparent(37]. A powder, however fine it maybe, will render a 
fluid opake, if it remains undissolved, and will, most commonly, he preci" 
^jpitatedy or fall to the bottom, if the fluid be allowed to remain at rest. 
This is never the case with a solution, although the specific gravity of the 
article dissolved be much greater than that of the fluid with which it haa 
combined (38). 

CaroUne, A portion of salt which I have added to the water remains 
undissolved, although I have continued to stir it for a long time; yet at first 
it dissolved very quickly. 

Jifra JB* There is a certain quantity of a substance which its solvent can 
take up: when this quantity is dissolved, the point of aaturation is attired, 
and we have what is denominated a aaturated solution. In the present in- 
stance the water is saturated, and has no more power to dissolve au addi- 
tional portion of salt than of sand (39). 

Emily. Is not the air a solvent for water? In a windy day water driM 
away with much greater rapidity than in still weather. 

Mra B. It was formerly supposed, from the case you have stated, that 
water was dissolved by the air; but it appears from more accurate observa- 
tions, that the solvent power of the atmosphere depends solely upon the 
caloric contained in it. The motion of the air removes that which has 
been dissolved, which otherwise would prevent all further solution. You 
will presently see that by removing the atmosphere, the quantity of water 
dissolved will be increased (40). 

Do you recollect upon what principle the barometer is used for measiuv 
ing the altitude of mountains, or the height to which a balloon ascends? 

Caroline. Perfectly well. As you ascend the quantity of air above you 
decreases, and it must consequently become less and less dense, and press 
with decreasing force. The mercury in the barometer, therefore, descends 
in proportion to the elevation of the place to which it is taken(41). Xow 
let me tell you why you made that inquiry: it was to show that water must 
boil at a lower temperature in such situations; was it not(4S)? 

J^ra \B. You have guessed, or rather judged right, and the late Bev. Mr 
Wollaston showed how, upon this principle, the thermometer might be 
substituted for the barometer in measuring heights. He made a thermo- 
meter in which every degree on Fahrenheit's scale was divided into one 
thousand parts; and such was its extreme sensibility that it evinced a differ- 
ence in the heat of boiling water in a vessel placed first on the floor, and 



S7. How may the difference between mixture and solution be shown, and 
what is a uniform character of solution? 
68. What further difference is noticed ? 
S9. What are aaturation, and a aaturated aolution? 
^40. How is water dissolved in the atmosphere? 
41. How does the barometer operate in measuring altitudes? 
4S. How must water be affected in elevated situations? 
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■Ctervirdi upon > table. The mMt perfeat nd delioUe htrtmeta ttUt 
very far short orthI<(U). 

Bmlg. I am glad to ace the air pump npon the taUa, and the bottle of 
ether, which iata boil over a Ere aa oold atice. After aaeing ice caauviMr 
to boil, I ihall not be inrpriKd to tee it prodaee the Mine effect npon 
ether, vhioh ia ao maeh more TOlalile. 

Mri B. Yoa vill find them to 1>e Tery different operationa; in the 6>r- 
raer experiment the iee produeed the bolliDg) in the preaent jon will find 
the boilioK produce the ice. Obterre how auddenlf the ether in thia phial 
vill be eoDterled into *apour, bj- meani of the air pnmp. See with what 
rapiditf the bnbblea will ueend, >■ 1 talce off the pretnire of the atmoa- 
phere. To thow iMi I open the Tial, place it under a rcceiTer, and ex- 
hanit the air(U). 

CanSne. It po^tivel; btila: how ihigalar to aee a liqnid boU without heUl 

JirPump v^ Rectmr and Apparatui for freeing Water, 



Jlfi-t J9. Now I will place the phial of ether in thia amall ejUndrieal 
glaia, which it ao nearly fiti ai to leare only a Imall apace between them, 
which I fill with water; and in thii atste I put it again under the reeeiTer. 
YoD will obaerve, at I eihaaat the air from it, that whilat the ether boila, the 
water treeae •{15 }. 

CareUne. It is indeed wonderful to aee water freeze in contact with a 
boiliog fluid! 

EmUi). I am at a lota to eonceire how the ether can past to the atate of 
vapour, without an addition of caloric. Doet i( not contain more ealone is , 

Mrr^. It certainly doea; for thoa|h it ia the preamre of the atmoapher* 
which Iceepi it in the ataie of a liquid, it cannot paia into the aeriforin ' 
without abtorbing a quantity of caloric. 

Etnify. Yoa hare therefore, two difficulUei to explain, Hra B. Fint, 
•lienee the ether obtaina the calorie ncoeeaary to couTcrt it into Tapour, 
when it ia reliered from thepreaanre of thcatmoapherei and, lecondly, what 
it the reatOQ that (he water, in which the bottle of ether ttanda. ia froawnt 



U. How did the Rev. Mr Wollaaton exemplify lhit> 

44. How mqr ether be made to boil by meana of theaicptunpF 

45. By what aimugement may water be froienf 
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Caroline, Now T think I can answer both these qnestioas, and to kill two 
hirds with one stone. The ether obtains the addition of ealorio required 
from the water in the glass; and the loss of calorie which the latter sustainf, 
Is the occasion of its freezing(46). 

Einily. This I understand* now Tery well; hut if the water freezes la 
consequence of yielding its caloric to the ether, the equilibrium of hei^ 
must, in this ease, be totally destroyed. Yet we have been told that the ex- 
change of caloric between two bodies of equal temperature, is always 
equal; how, then, is it that the Vater, which was originally of the same 
temperature as the ether, glides out calorie tait, till the water is frozen 
and the ether made to boil ? 

Mrt B. I had anticipated that you would make these objeetlont, but 
can assure yon that the equilibrium of temperature is not destroyed; for were 
we to place- one thermometer in the ether, and anetlier in the water, and 
observe them during the experiment, we should find that they would descend 
e(|ual]y.; that both thermometers would indicate the same temperature, 
though one of them were in a boiling, the other in « freezing liquid(47)» 

Emily, The ether, then, becomes colder as it boils. This is so eon- 
trary to common experience, that I confess it astonishes me exceedingly* 

Caroline, It is, indeed, a most extraordinary circumstance. But pray 
how do you account for it? 

Jifra B, I cannot satisfy your curiosity at present, but must defer thd 
explanation, with that of some other facts which we have partially noticed, 
until our conversation on combined caloric, or latent heat. The feet, how« 
ever, of the intense cold produced by the evaporation of ether, will be ren- 
dered sensible by your allowing a drop or two to fall upon the bsek of 
your hand, from the bottle. 

Caroline, Oh, how, cold! and it is scarcely on before it is dry. I had 
ifot the most remote idea of the intensity of the sensation it would produce, 
as the bottle appeared not to be colder than the other articles in the room(48). 

JMra B, ' The cdid is entirely the efiect of the evaporation, and all 
evaporation is attended with a similar result. The intensity of the cold mutt 
of course be proportionate to the rapidity of the process; and therefore the 
most volatile Duid must produce the most striking effect(49]. 

Emily, Pray, Mrs B., what would become of the water in the ocean, 
and in our rivers, were the pressure of the atmosphere removed? It appears 
to me that it would sM boil away; at all events this must be the case in 
tropical climates, M'hete the heat is generally above 88**, 

^ Mr a B, This use of the atmosphere affords another example of the pro- 
vidential care and wisdom of the Creator, and ought to operate as an ad- 
ditional incentive to the study of his works, in which we find so many 
important purposes effected by means the most siro.ple. The atmosphere 
is necessary to sustain life, and it obviously answers numerous other valu- 
able ends; but who, unless informed by science, would ever have dreamt 
that the existence of the ocean, and of every stream of water, depends upon 
its pressure ? It is a fact, however, that, in every climate,but for this force, 
the whole of them would be soon converted into watery vapour, and form an 
aqueous atmosphere, surrounding the earth, but answering none of those 
purposes which are requisite to render it habitable(50). 
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46. Upon whaf principle does this .depend? 

4^. What will be the respective temperatures of the ice and ether? 

48. What^ sensation will be produced If ether be dropped on the hand? 

49. Froik what cause doiiS the cold produced arise? 

50. What would beootne of the waters, were atmospheiria prepwro 
removed? 

F 
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CtfBlme. The little that ve h*Te leuned, Mri B., hj your peracTenBg 
kindaeii, vould be ■ rich reward for the labour of 7ear>; and I am sun 
that the delight whiehitbaa already afforded ua will be an eBeotual metiie ia 
perwyeranoe. We are indeed most gralefulto you for directing m tosourcea 
of eigajmeDt » far superior Co what ia aauslly denominated pleaaure. 

Mri B. Before diimiiiing the lubjecl of vaporization, there ia a che- 
mical proceai, the nature and object of which you should fully undersland, 
and that ia ditHllation. The prinoipal object of thia proceaa >a to teparate- 
■nd collect the more volatile of two fluids uhich may be miicd together. 
Thii operation ia founded upon the diSereuce in the boiling points of differ- 
ent fluids, m conaequenoe of which, when heat ia applied to them io their 
mixed atate, one of them will evaporate at a lower temperature than the - 
otber(Sl). 

Caretine, I hare seen them distilling spirits, which I beliere vaa obtained 
from I7e, and have uaderatood that it can be procured from many othet 
■rUcles. 

JUrt S.' All the liquora called vinoua, anch as the varloua kinds'of 
wine, beer, older, 8to. contain a spirituous liquid called a icoAoI, or spiritaof 
vine, butmiied with water, and other matters( 53). When heated, the alccr- 
hoi firM rises in vapour, and were tliia evaporation to he carried on in an 
open Tessel, the vapour would Sy oB* and be lost. Tlie apparatus usually 
employed ia called an alembic, or still, and is generally made of copper. 
1 will show you a drawing of one presently; but a common tea kettle will 
afl'ord you aome idea of ila nature. Suppose that the liquid to be distilled 
was put into one of Ihess vessels, with the lid so secured tliat steam could 
Dot escape, excepting through the spout, that a loogtubc was fastened to the 
spout, and this tube made to pass through a vessel of cold water; any va- 
pour which passed into the tube would be condensed, assume the liquid 
form, and fall in drops out of the tube(S3). 

Entilg. And if we were to put a vinous liquor into anch a kettle, uidheot 
it, the spirit would rite first, and leave the watery pai'l behind- 
Common Alembic, or StiU for Spiriti. 



It be tep a r ted 1? redt*' 



SI. What is Ae object of distillation, and upon what does it dep«ntl^. 
fig. What Is contained in vmtut liquora of every desiiriptionf 
*\ What i*Bn alsmblc, or Mill, and wtui dees a. reseml»lef 
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lilUticm or recdficatim, at it it (s>lled(54]. Thit ii > drawing of ■ (till. 
A, is tliebodjrortbeitill, which ii to be enoIoBed insfiirnue. B, tfaehckd, 
or capiul. C, the beak or ipoat. D, thevorni, vhioh UaloDEineUl tnbe 
eneloBed in the refrigerator, which ii ■ lab or ciitern kept full of sold 
VKter. E, ■ TCBBeFror receiving the spirits which h»e been sondensed hi 
pBcsing through the worin(55). It ia by sn Rppiratus of this deicriptioD 
that the Tirious kinds of spiritnous liquors are obuined, lueh >■ brandy, 
ram, pn, whiskey, and a variety of others. 

Carab'Ttc, As spirit is converted into vaponr it a teraperatare lo far be- 
low that of waier, ia it not possible, l>7 regolatiag the heat, to obtain the 

Mi-a B. By no means. When two fluids of different volatility are com- 
bined togeilier, they modify each other's properties. When the more vola- 
tile of the two is driven off, it will, in oonseqaence of (he foree of tbe affi- 
nity bj which they are nnited, carry with it a certain portion of that which 
U less so. This is Ibe ease even with solids, there being very few with 
whleh water combines which are not, in part, converted into vaponr, when 
the water is driven off by heBt(s6). 



Glait Aten^icfor Dit^aHon. 



{A, body of the Alt 
In distilling 




he beak for oooducting the 



jalembte of glass, such as 

ig tbe bead and beak cool, (he vapour 



I now have over the lamp. Ky keeping tbe bead and beak cool, (he vapour 
which rises is condensed, and drops oal: in tbe liquid form. Such an appa- 
ratus is useful on account of tbe smallness of (he quantity which may be 
operated npon by iL The progress of the experiment may be seen, and 



54. What is recUfieation, and wbj 

55. Describe tbe common still and 
5fl. Why may not pure spirit be a< 
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sabstanees whieh would destroy the meUls, are thus pr^^ared or ew^ 

ployed{57). 

What it ealled a reiort is tb« kind of still most eommonljjased hj the 
chemist. Whea the vapour which passes over is to he condensed, the beak» 
or mouth of the retort, is fitted into a receiver^ whicb maj he kept cold 
hj immersion in cold water, or in some other wa7(58). 



Jietorty Jieceiver^ ami Lamp, 




Retort and lamp. 



Receiver and stand. 



JSmly. I had some idea of distillation before, hat by no means a dear 
one. I always thought that there was something complex and mysterious 
about the process, instead of that perfect simplicity which I now see in iL 

Jlfr« B» The effects of caloric, which have formed the subject of the pre- 
sent conversation, form a regular series, and generally take place in uniform 
succession. Expansion, liquefactibn, and vaporization, appear to he pro- 
duced in obedience to one general law. There is, however, another effect of 
«aloric apparently altogether disconnected with them, and that is leiriTioiry 
or incandescence, by which iarlneant that emission of light which is produced 
in bodies at a very high temperature; all substances being capable of becom* 
ing red hot, and of emitting light, as well as heat(59). 

Umly, You mean, I suppose, that light which is produced by a burn- 
ing body. 

Mt8 B» Noy^ition is quite independent of combustion. Clay, chalk, 
and indeed all inllmbustible substances may be made red hot. When a body 
burns, the light emitted is the effect of a chemical change which takes place, 
whilst ignition is the effect of caloric alone, and no other change than that 
of temperature is produced in the ignited body. By combustion a body is 
decomposed, and it therefore can be performed on the same substance but 
once, whilst ignition can be induced in the same body any number of times. 
Combustion requires the presence of air, ignition that of heat only(60). 

All solid bodies, and some liquids, are susceptible of ignition, or in other 
words, of being heated so as to become luminous; and it is remarkable that 
in a situation perfectly dark, this takes place at the same temperature in ail 
bodies, that is somewhere between 600 and SOO degrees of Fahrenheit's 
•eale(61). 



57. Describe the ^*^ alembic, 

58. What is most-^mmonly used for distilling by the chemist? 

59. YfYoitii ignition or incandescence? 

60. What is the difference between this light, and that fromeombustioQ? 

61. At what temperature does it occur, and in what bodies^ 
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JSimly» Bat how ean liquids attain so high a traaperatare, without heing 
converted into vapour? 

J^rs B, It would certainly be eztremelj difficult to bring the more vola- 
tile liquids to such a temperature, and it cQUld only be done by confining 
them in a vessel of immense strength, inordertobeableto^esistthe elasticity 
of vapour so highly heated. But if they were so confined^ and this vetsel 
then heated to ignition, its contents must be so also(62]. 

There are many speculations witli respect to the sources of the light of 
ignition, but as little that is satisfactory is known on this point, it would be 
unwise in us to discuss it At our next meeting j»^ shall converse about 
latent heat, which is a subject sufficiently important to claim your undivided 
attention. 



CONVERSATION VI. 

ON COMBINED CALORIC, COMPREHENDING SPECIFIC AND 

LATENT HEAT. 

JBodies have different Capacities for Heat, Proof by different Jtfetah, 
Jffercury and Water compared. Rarefaction and Condensation* Distinc-' 
tion between Specif c and Latent Heat, Change of Form, JUxture of 
heated Water and Ice. Heat latent in Steam and Vapour, Coiulensation 
of Steam, Snow and Salt as a freezing J^fixture. 

Mrs B, We are now to examine the other modifications of caloric, but 
in order to enable you to understand them, it will be necessary to enter into 
some previous explanations. 

It has been discovered by modern chemists, that bodies which differ in their 
natures from each other, though lieated to the same>temperature, do not con- 
tain the same quantity of caloric(l). ^ 

CaroUne, How could that be ascertained? Have you not told us that 
the absolute quantity of caloric which bodies contain was entirely unknown 
to us? 

Mrs B, True, but at the same time I said that we were enabled to form 
a judgment, by means of the thermometer, of tlie proportion in which it en- 
tered into bodies between certain temperatures. This, l^wever, is true as 
resplfects any one species of matter onjy^ as water for example. Thus, if we 
raise a given portion of the fluid 10°, it will require an equal addition of ca- 
loric to raise it another 10°; but it is found that, in order to raise the tem- 
perature of different bodies the same number of degrees, different quantities 
of caloric are required for each of them. If, for instance, you place a pound 
of lead, a pound of chalk, and a pound of milk, in a hot oven, they will be 
gradually heated to the temperature of the oven; but the lead will attain it 
first, the chalk next, and the milk last, and they will .be found to have absorb- 
ed from the oven very different quantities of oaloric(2]. 

CaroUne, I do not see that one substance taking longer time than ano- 
ther to become heated, proves that more caloric is required, to produce this 
effect, in one -case than in the other; as such a difference nuist necessarily 
arise from the difference in the conducting power of (he bodies. The lead^ 



08. In what way might a fluid he made red hot> ^ 

1. What has been discovered respiting the caloric eontained in bodies? 
^ What exemplifications are given of this fact? 
F2 
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for iniUiioe, conduets so much better than either of the others, that it mita^ 
of oourse, be the most quiekly heated(3). 

Jlfr* B. Your reasoning is yery good» as far as oondacdng power is eon- 
eemed; bnt iaets, as established by decisive experiments, OTertum yonr 
theory, and leare no doubt that the quantity of caloric which enters into va- 
rious substances to produce in them the same thermometrie effect, is yery 
different; and hence they are said to possess different capacities for calorie. 

CaroUne. What do you mean by the capacity of a body for caloric? 

JIfrt J3. I mean a certain disposition of bodies to require more or less 
ealorio for raising their temperature to any given degree of heat(4). Pei> 
» haps the fact may be illustrated thus: 

Let us put as many marbles into this glass as it will contain, and pour 
some sand over them; observe how the sand penetrates and lodges between 
them. We shall now fill another glass with pebbles of various forms; you 
aee that they arrange themselves in a more compact manner than the mar- 
bles, which, being globular, can touch each other by a single point only. 
The pebbles, therefore, will not admit so much sand Ijietween them; and 
consequently one of these glasses will necessarily contain more sand than 
the other, though both of them be equally full. 

Caroline. This I understand perfectly. The marbles and the pebbles 
rei^esent two bodies of different kinds, and the sand the caloric contained 
in them; and it appears very plain, from this comparison, that one body 
may admit oSmore calorie between Hs particles than another(5]. 

Jifr9 £. Although I have used the pebbles and the marbles to enable 
you the more readily to lay hold of the ideir, you must not consider this as 
a satis&ctory explanation of the fact; for were it so, the capacities of bodies 
would diminish in the exact ratio of their density, which is by no means the 
ease; for, although, in general, the most dense bodies have the least capaoitj, 
this is far from being uniformly the ease. Oil occupies more space than 
an equal weight of water, and yet it has but one half die capacity for ealo- 
rio; as that quantity which would raise a pound of water 10° would produce 
double that effect upon a pound of oil, nusing it 20*^(6). 

We are unacquainted with |i|ie cause of difference of capacity, and when- 
CTer we call to our aid the operation of grosser matter, in illustrating the 
effects of imponderable agents, you must always consider it as you would a 
figure in poetry, as bearing only an imaginary relationship to the fact(7). 

JEnttiy, But I cannot conceive why the body that contains the most calo- 
lie should not be of the highest temj^rature; that is to say, feel hot in pro- 
portion to the qu||itity of calorie it contains. 

Mrt B, The caloric that is employed in filling the capacity of a hipdy, 
is not firee caloric; but is imprisoned, as it were, in the body, and is therefctre 
impereeptible: for we can feel only the caloric which the body parts with, 
and not that which it retains. 

CaroUne, It appears to me very extraordinary, that heat should be eon* 
fined in a body in such a manner as to be imperceptible. 

Jlfrf B. If you lay your hand on a hot body, you feel only the caloric 
which leaves it, and enters your hand; for it is impossible that you should be 
sensible of that which remains in the body. The thermometer, in the same 



3. What objection does Caroline make to these examples? 

4. What reply is given, and how is this property designated? 

5. By what example is this proper^ illustraVed? 

6. Why is not this illustration to be considered as an explanation? 

7. How are we to consider soeh illuitrationa^ 
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manner, is affected only bj the free calorie wbieh a ntbttanee transmitt to 
it, and not at all by that which it does not part iRrith(8). 

Caroline. I begin to understand it; but I confess that the idea of insen* 
aible heat is so new and strange to me, that some time is requisite to render 
it familiar. 

JUra B. Call it insensible caloric, and the difficulty vill appear much 
less formidable. It is indeed a sort of contradiction 4o call it heat, when it 
is so situated as to be incapable of producing that sensation. Yet this modi- 
fication of caloric is commonly called specitic beat(9). 

Caroline. But it certainly would have been more correct to hare called 
it specific caloric. 

Ehuly. I do not understand how the term specific applies to this modi«> 
fication of caloric. 

Jllr« B. It applies to the relative (Quantity of caloric which different 
kinds or species of bodies, equal in quantity and temperature, are capable of 
eontaining. The term, therefore, you must recollect, does not apply to the heat^ 
but to the matter with which it is united. Thus oil is one species, or kind, of 
matter, and water is another (10); you have already learned that they are 
differently expanded by equal quantities of caloric, and you are now to un* 
derstand that by equal portions of it they are also di£^rently heated; this 
arising undoubtedly from the peculiar constitution of the bodies, with which 
ve do not pretend to be acquainted(il). 

Caro&ne. Can you, Mrs B., show us any of the experiments to which 
yon have alluded; as the mere fact that bodies of different kinds require 
different periods of time to bring them to an equal degree of temperature^ 
eertafnly cannot prove any thing more than that they conduct heat in dif- 
ferent degrees. 

JUrs JB. The difficulty you urge vould indeed be a very serious one, if 
we cOuId not, by reversing the experiment, prove that the milk, the chalk, 
and the lead, had actually absorbed different quantities of caloric; but this 
we can do by cooling the several bodies to the same degree, in an apparatus 
adapted to receive and measure the caloric which they give out(ld]. Thus, 
if you plunge them into three equal quantities of water, each at the same 
temperature, you will be able to judge of the relative quantity of ealorio 
'which the three bodies contained, by that which, in cooling, they commu*> 
nieate to their respective portions of water: for the same quantity of calo* 
rio which they each absorbed to raise their temperature, will abandon them 
in lowering it; and, on examining the three vessels of water, you will find 
the one in which you immerse the lead to be the least heated; that in which 
you put the chalk, the next; and that which contains the milk will be hea^> 
ed the most of all(13). 

I have a very convenient way of performing tiie experiment by meaAs of 
these three balls of metal, one of which is copper, another tin, and the third 
lead, each of them weighing exactly eight ounces. I suspend them by a 
thread in boiling water, and they will all, consequently, be heated exactly alike, 
that is to 212". I now suspend them in three separate tumblers of cold 
water, a thermometer in each standing at 36°. As the water is equal in 



8. Why is the heat of capacity insensible? 

9. What is this modification of caloric called, and what remark is made? 

10. How is the t«rm specific heat applied? 

11. What analogous fact is mentioned? 

12. On what principle can the faet be shown? 
IS. How may tiliis be applied? 
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Seated balU of Capper, Lead and Tin, immened in 



Copper. Lead. Tin. 

EmWy. Wliy oerlainlf it will he heated alike by the metals. 

Mrs B. But vhat will be the result if the metals, although of the same 
tempemture, contain unequal qnanticiea of caloric? 

Emit/. In that case the one haiing the greatest capacity vill, of ooune, 
in cooling down, heat the water the most. 

Caroline. The difference is TCry plain. The copper has raised the ther- 
mometer the moat, the tin neit, and the lead leatt of all(ll). 

Mrs B. And that ia eiactly the order of their capacities; they being to 
each other aa 114, 60 and 45. That is, if the copper required a quantity of 
oalorie represented by the number 111 to elevate it a given number of de- 
grees, the ume effect would be produced on the tin by the quantity 60, and 
on the lead by 42(15). 

Einilg. I think that I hare found a comparisOD for specific heat, vhich 
is Tery applicable. Suppose that two men of equal weight and bulk, but 
who required different quantities of food to satisfy their appetitei, sit down 
to dinner, both eqoally hungry; the one would consume a much greater 
quantity of provisions than the other, in order to he equally satisfied. 

JUrt B. Tes, that ii very fair) for the quaotity of food necessary to sat- 
isfy their respective appetites, varies ia the same manner as the quantity of 
Baloric reqaiaite to raise, equally, the temperature of different hodie3(16). 

Emily. The thermometer, then, affords no indication of the speciScheat 

Mrt B. None at all; no more than satiety ia a teat of the quantity of 
food eaten. The thermometer, as 1 hare repeatedly said, can be affected 
only by free caloric, wliich alone raiaca the temperature of bodies. 

But there is another modeof proving the eiistence of specific heat, which 
affords a very satisfactory illustration of the general fact. 1 did not intro- 
dace it before, as I thought it might appear to yon rather complieated. ll 
lathis; if you mil two 6uids, equal in quantity, but of different temperatures, 
let US aay the one at 50, and the other at 100 degrees, of what temperature 
do you suppose the mixture will be^ 



14. What eiperiment ia mentioned, and what its result? 

15. Whitarfltheorder and proportion of their capacities? 
It. By what comparison is the Ditnre of oapaoi^ UlustnOedf 
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CaroUne, It will be, no doubt, th« medium between the two, that is to 
•aj, 75 degrees. 

Mr8 B' That wiil be the case if the two bodies happen to have the same 
capacity for caloric; bat if not, a different resalt will be obtained(17), 
'01U8, for instance, if f ou mix together equal weights of warm mercury and 
oold water in a jar, thej are far from producing a mean temperature; but 
that of the mixture will be much below k. Suppose the temperature of the 
meroury to have been 156°, and the water 40°; the mean of these would 
be 9S°, but the resulting temperature will be only 44°. Here then the mer^ 
oary has lost 112°, whilst the water has gained only 4°(18). 

If, on the eontrary, the water be heated to 156° and the mercury to 40°, the 
temperature of the mixture will be 152°. The water in this case has lost 
only 4°; but this, in entering into the meroUry, has elevated it 112°. In both 
these instances the capacity of water is evidently twenty-eight times that of 
mercury; or the caloric which would elevate a pound of water t° would ele« 
tate a pound of mercury 28°(19). 

Emily, But, Mrs B., it would appear to me mtore proper to compare 
bodies by meiMure, rather than by -meighty in order to estimate their specific 
beat. Why, for instance, should we not compare ^'n^« of water and of mer- 
eury, rather than pmindg of tho^e substanees; for equal weights may be ooin« 
posed of very different quantities? 

JIfrtf S. You are mistaken, my dear; ei^nal weights must contain equal 
qiumtities of matter; and when we wish to know what is the relative quan- 
tity of caloric which substances of various kinds are capable of containing 
under the same temperature, we must compare equal weights, and not equal 
bulks, of those substances. Bodies of the same weight may undoubtedly be 
of very different dimensions; but this dg«8 not change their real quantity of 
inatter(20). 

The comparison, however, has been made in equal volumes as well as in 
equal weights^ and the results in either way are equally various; the gene« 
ral law may therefore be considered as established, t?iat differeni boe&e in 
equal quantities, lohether ettimated by -weight or volumcy contain^ at any 
given temperature, unequcU quantities of calonc(^l), 

Caroline, If all different bodies have different capacities for calorie, 1 
do not see why the same body may not change its capacity at different tern* 
peratures; and, in that case, the thermometer would not be an accurate 
guide to inform us of the real quantity of caloric which left or entered into 
any substance, as this quantity would differ in high and in low tempera* 
tnres(22). 

Mrs B* Very judiciously remarked indeed. Much discussion has taken 
place, and many experiments have been made to ascertain this poiut; and 
these have resulted in proving that the capacities of bodies generally in* 
erease as their temperatures become elevated(23). The probability of this 
had been inferred, from our being able to increase the temperature of a 
body by merely condensing it, and to decrease it by rendering it more rare. 
Thus a smith can take a piece of cold iron, and, by hami^ering it smartly, 
heat it sufficiently to light a match, and kindle hu fire. In this case the 



17. What other mode is given, and what remark is made upon it? 

18. Give the experiment with mercury and water at different tempera- 
tures. 

19. What is the result when the experiment is reverse- 

20. For what reason are equal weights taken? 

21. What is the result with equal volumes, and what law .t deduced? 

22. What remark does Caroline ii(iake? 

23. What appears to be the fact in this particular? 
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only change produced in the iron is, that it has been condensed hj closing 
its pores, and, conseqaently, a portion of the heat which was before latent, 
as caloric of capacity, has been forced out and appears in the form of sen- 
sible heat(24). 

Effdly. That is both curious and conyincing, and it would follow, thnt i£ 
Tre couid rarefy the iron, its capacity would be increased, and I suppose S 
would become colder; but how are we to do this? 

JIfry B. We cannot mechanically rarefy a solid; but by experimenting 
with common air, instead of with iron, I can readily show yon the effect both 
of rarefaction and condensation. I place a thermometer under the receiver of 
the air pump, and rapidly exhaust the air; do you see any change in the 
titiermometer? 

Emily. Yes, it has actually sunk three or four degrees, and appears to be 
still descending(25). 

M[r8 B» Now observe again; by condensing the air, suddenly, in this 
brass tube, which you have frequently seen used, a degree, of heat will be 
given out sufficient to set fire to tinder. You ther^ore see, in the same 
substance, the effect of rarefaction in increasing, and of condensation in 
decreasing capacity(26). 

As bodies are expanded, and rendered more rare, by increase of tempe- 
rature, the inference seems natural that as they become expanded their ca- 
pacities should also increase; and under these circumstances, if caloric be 
communicated to them, one portion of it goes to satisfy this increased capa- 
city, whilst another serves to elevate the temperatu£e(27). But let us now 
proceed to ultestt heat. 

CaroUne. And pray what kind of heat is that? 1 had thought that heat 
of capacity was sufficiently latent, as it is completely hidden in a body, pro- 
ducing no apparent effect upon it. How, I wonder, can any thing be more 
latent than this? 

Jifra B. The heat of which I speak is another modificiation of combined 
caloric, which is so analogous to specific heat, that many chemists think it 
annecessaiy to make any distinction between them; but the term specific 
heat is generally confined to that portion which goes to satisfy the capacity of 
a body, whilst its form remains unchanged, and we denominate latent heat 
that portion of caloric which is employed in changing the state of bodies, 
that is to say, in converting solids into liquids, or liquids into vapour(28). 
When a body changes its form from solid to liquid, or from liquid to va- 
pour, a sudden and considerable increase of capacity for heat uniformly ac- 
companies the change, and in consequence of this it immediately absorbs a 
quantity of caloric, which becomes fixed in the body it has transformed; and 
as it is perfectly concealed from our senses, it has obtained the name of 
latent heat(29). 

Caroline. I think it would be much more correct to call this modifica- 
tion latent caloric than latent heat, since it does not excite the sensation 
of heat. 

Jtfra B. It was discovered and named by Dr Black long before the 
French chemists introduced the term caloric, and we must not presume to 
change the name, as it is still used by much better chemists than ourselves. 
Besides, you are not to suppose that the nature of heat is altered by being 



54. What effect is produced by hammering iron, &c. ? 

55. How may the effect of rarefaction be shown by the air pomp? 

26. What effect may be produced by condensing air? 

27. What inference may be drawn from these facts? 

28. What distinction is made between specific and latent heat? 

29. Under what circamstances does heat become latent? 
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variouAy modified: for if latent heat and specific heat do not excite the same 
sensation as free caloric, it is owing to^heir being in a state of confinement, 
which prevents them from acting upon our organs; and, consequently, as 
soon as they are extricated from the body in which they are imprisoned, 
they return to their state df free caloric(30). 

• Emily. But I do notyet clearly see in what respectlatent heat differs firom 
specific heat; for they are both of them imprisoned and concealed in hodietk 

jyfra B. Specific heat is that which is employed in filling the capacity 
of a body for caloric, in the state in which this body actually exists; while 
latent heat is that which is employed only in effecting a change of state, that 
is, in converting bodies from a solid to a liquid, or from a liquid to an aeri- 
form state. But I think, that in a general point of view, both these modi* 
fioations might he comprehended under the name of heat of capacity^ as in 
both cases the caloric is equally engaged in filling the capacity of bodies(dl)« 

I shall now show you an experiment, which I hope will give you a clear 
idea of what is understood by latent heat. 

The ice trhich you see in this phial has been cooled by certain chemi* 
cal means, (which I cannot well explain to you at present,) to five or six 
degrees below the freezing point, as you will find indicated by the thermo* 
Tneter which is placed in it. We will expose it to the heat of the fire, an^ 
you will see the thermometer gradually rise, till it reaches the freezing 
poin t 

Emily, But there it stops, Mrs B., and yet the fire burns just as well 
as before. Why is not its heat communicated to the thermometer ? 

Caroline, And. the ice begins to melt; therefore it must be rising 
above the freezing point. 

J^rs JS, The heat no longer affects the thermometer, because It is 
iKrhoUy employed in converting the ice into water. As the ice melts, the 
caloric becomes latent in the new formed liquid, and therefore cannot raise 
its temperature; and the thermometer will consequently remain stationary, 
vntil the whole of the ice be melted(d2). 

Caroline, Now it is all melted, and the thermometer begins to rise again. 

J[fr8 JS, Because the conversion of the ice into water being completed, 
the caloric no longer becomes latent; and therefore the heat which the water 
now receives raises its temperature^ as you find indicated by the thermome- 
ter(33). 

E/mily, But I do not think that the thermometer rises so quickly in the 
water as it did in the ice, previously to its beginning to melt, though the 
£re bums equally well. 

Mrs B, That is owing to the different specific heat of ice and water. 
The capacity of water for caloric being greater than that of ice, more heat 
is required to raise its temperature, and therefore the thermometer rises 
slower in the water than it did in the ice(34). 

EmUf. True; you said that a solid body always increased its capacity 
for heat by becoming fluid, and this is an instance of it. 

J\^r8 B, Yes; and the latent heat is that which is absorbed in conse- 
quence of the increased capacity resulting from the change of form. This 
increased capacity in the water is not the result of expansion, but merely of 
the change to the liquid state, for the water is in fact more dense than the 



50. Who discovered latent h^at, and what is remarked respecting it? 
31.; What further is said of the distinction between specific and latent 

heat? 

SiT^Whf^t experiment is detailed showing the absorption of heat? 

S3. What occurs after the snow has melted^ and why ? 

34. Why did the thermometer rise most rapidly in the snow? 
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ice, as you may know by the floating of ice upon wftter(35). You hare &!• 
ready learned that in rendering a substance liquid, the caloric is employed 
in modifying the attraction of the particles so as to produce the fluid formi 
and whilst so employed it evidently must be latent, for if it could pass into 
your hand, or into any thing else, in the form of free caloric, it must, in that 
case, leave the water, and this would be brought ba<^to the state of ice(d6}. 
The caloric employed iu rendering bodies liquid is frequently called tha 
caloric offluidity{2)7), 

CaroUne. Have you any means of ascertaining the quantity of heat which 
is rendered latent in the conversion of ice into water; for it would seem, 
from the length of time required to melt the ice before the fire, that it laasf 
be very considerable? 

JMra JS, We can fortunately do this at once, as there is now dry snow upon 
the ground. I have ordered a pound of it to be weighed, and put into n 
wooden bowl, and you see that a thermometer, placed in it, stands at 32^. 
In this cup I have a pound of water which is heated, as you perceive, to 
172°, or within 40° of boiling. This 1 pour upon the snow, and stir it about; 
now you see the snow has thawed. 

Endly, Yes ! and what is most surprising, the thermometer m the bowl 
vtill stands at 32°. I had been calculating that the mean was 102° and al- 
though 1 expected to see it below this, I never should have believed that all 
the heat would be lost(d8]. 

CaroUne, The pound of hot water has actually lost 140^ of heat, and the 
vhole of this must have become latent in converting the same weight of ica 
into the fluid form. What an enormous quantity of heat there must be in the 
water of the ocean! If it could at once become sensible heat, the water 
would all be ready to boil(39). 

Emily, What would have been the effect if the water in the enp had 
been healed to 176° instead of 172°. Would the temperature of the mix- 
ture then have been 32° ? 

Jldfrs B. By no means: 140° would still have disappeared, and the 4'" 
of excess would have been diffused throughout the two pounds of water, so 
that the thermometer would have stood at 34°(40), 

We might perform many other experiments in confirmation of the fisict 
just explained; but we have much to do, and one or two convincing and 
unexceptionable proofs are sufficient for our purpose; and indeed a greater 
number would be more likely to confuse than to instruct you. During 
our progress you will witness many experiments, which, whilst they are in- 
troduced to prove other points, will furnish addiiidnal evidence of the truth 
of that which I have just explained to you. 

You have observed me place this flask, half filled with water, over the 
lamp. Within it are two thermometers, the bulb of one immersed in the 
liquid, whilst the other is suspended above it. The water is near boiling, 
and I wish you to notice what takes place as it becomes converted into 
vapour. 



SS« Does not the increased capacity result from expansion? 
.36. What reason is given why the caloric must be latent? 
ST, What other name is given to this modification of h ea t ? 
38* How may the loss of heat in melting ice be shown ? 
Sa. What quantity becomes latent, and how is this proved? 
40. If the water had been heated to 176°, what would have 4>een the re- 
lult? . . 
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CaroHne. The thermometer plieed vithin the water it risinji it i> noir 
313° Knd the water begins to boil, but the thermometer remaini itationarj, 
althaugh heat must Mill be flowing in airaiudijai before; Ihii ii woDderTullj 
eurious! The calorie must now be buaj in changing the water into iteam, 
in which ithidei itaeir, *nd beaomei insensible. This is uiother ei ample 
of latent heat prodnemg » ohuige of form. At firat it ooDverted a solid 
bod; into a liquid, and now it turns the liquid into vapour. 

jifri B. If you obierre the thermometer which is placed above Ihe 
liquid, and surrounded b; the steani, jroa will see thai it also stands at !1S°; 
jtA joa will iDOn learn that the steam has absorbed a raiC deal more heat 
than the ice did in thawing(4I). If we were now to rcTBrse these changes, 
and condense the vapour into water, and the water into ice, all the laleut 
. heat would reappear in Ihe form of free calorie(43). 



rature. Fig. 2. Steam from 

Etml;/, Ptkj do let us see the effect of latent heat retnrniag to iu free sUte. 

Jlfrs S. For the purpose of showing tliis, we need simply conduct the 
TBpour through the tube into tbii vessel of eold water, where it will part 
with its latent heat and return to its liquid form(43]. 

E-nily. How rapidly the steam heats the water ! 

JIfra S. That is because it does not impart to it its free ealoric merely, 
but likewise its latent heat; and so great is Ihe amount thus communicated, 
that mhen the water in the jar has had one ounce added to it by the 
condensation of the steam, tliis steam will have elevated its temperature 
about seven times as much as an ounce of boiling water would have dooci 
and hence it results lliat an oonoe of steam at 5)S°, coutaini seven times as 



11. Detail the experiment of boilin; water in > fla^, with the retu 
iS. What is it said would result from reversing the experiment' 
13. Uow may this be effected? 
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much caloric as an ounce of vater at the same temperatiire(44). B7 aa 
easy calculation, therefore, it can be shown that steam contains a quantitf 
of. caloric in a latent state, which, if it could be confined within it, would, 
in the form of free heat, elevate its temperature to 950°; a portion more than 
sufficient to render it red hot(45). Yon may r^idily judge, therefore, why 
steam, issuing from boiling water, should scald so severely, although its 
quantity may be very small. When it comes into contact with the body, this 
being cooler, condenses it, and the st6am gives out its latent heat(46}. 

Caroline. In natural evaporation, at common temperatures, the water 
which exists in the atmosphere in the form of vapour, must pass into that 
state without combining with such an enormous quantity of calorie. 

JUrt B. On the contrary, it has been found that vapour at low tempen^ 
tures contains more latent heat than tiiat at 212% its latent heat being iQereaa- 
ed in proportion as its sensibft heat is diminished; so that if the tempera- 
ture were 150^ below the boiling point, the latent heat, instead of being 
950°, would be 1100°(47). 

We cannot perform the experiments which demonstrate this fact, but the 
proofs of it are quite satisfactory; and the importance of that law in the 
economy of nature, with its results, will, by and bye, be pointed out to you. 

Emily, We have seen the latent heat of steam set free by the return of 
the steam to the liquid state. I should like also to see that of water given 
out on its conversion into ice. 

Caroline, That must not only be difficult, but, I should suppose, impos- 
sible in this warm room. 

MCrM B, So far from being impossible, it is by no means difficult. To 
freeze milk, requires a temperature somewhat below that for water; yet ice 
cream is made abundantly in summer. I believe, Caroline, you know the 
manner in which this is effected } 

CaroUne. Yes; the milk, or cream, to be frozen, is put into a metallic 
vessel, and this is placed within another vessel of wood, and surrounded by a 
mixture of ice and comifton salt^ which produces a degree of cold sufficient 
to freeze the cream(48). I have often assisted in making it, but have never 
been able to understand why the mixing of salt, which itself is not cold, 
should produce a more intense cold than that of the ice alone, and particu- 
larly, as I have always observed that the salt causes the ice to melt, and 
must therefore communicate heat to it(49). 

JUrt B, What you have just learned will enable you to solve the mys- 
tery. We will now mix some snow and salt in this tin cup; you see that 
they immediately begin to melt, and that the moisture of tlie atmosphere 
condenses on the||atside, and forms a coat.of ice(50). 

Entity, The mixture feels much colder than the ice itself, and yet it ia 
becoming liquid, 

JIfrs B, It is that very circumstance which causes the intense cold$ and 
it was by this same means that Fahrenheit obtained the zero of his scale. 
You see that a thermometer placed in it sinks upwards of 32° below frees* 
ing, or to zero, represented by a 0°. 

The cause of the intense cold of the mixture, is that change from the solid 
to the fluid state, by which its capacity for caloric is so greatly increasedi 



44« What is the heat in steam compared with that in boiling water? 

45. What is proved respecting the quantity of heat latent in steam? 

46. AVhy does steam scald more violently than boiling water? 

47. What is the fact respecting the latent heat of atmo^>herio vapour? 
4S. What is the process for making ice cream? 

49. What puzzling circumstance does Caroline mention? 

50. What is the effect of mixing snow and salt? 
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And of oourse, to satisfy this increased capaei^, it must absorb ealorio (rom 
the sarroanding bodies, and consequentlj prodaee cold in tl\em(51). 

Caroline. I mast hare been stupid not to recollect that, as it follows of 
necessity from the doctrine of latent heat^ but still I do sot see why it 
vhould not itself freeze, as it is colder than ice, nor what can have become 
of the 9^ which it has lost 

Jlfr« £, I am apprehensire that you will again lay claim to the crown 
of stupidity, however willing you may be to have your title disputed. If 
caloric be rendered latent when a body changes its form, it must first have 
been free. When the salt and snow melt, a portion of their own free caloric "^ 
is converted into caloric of fluidity; but this being insufHcient to satisfy the V' 
increased capacity, an additional portion is taken from the bodies in contact 'j*^ 
vith the mixture, and thus their temperature is also lowered(52). 
* If we mix salt with water, the brine which we produce will not freeze i^' 
until it is cooled some degrees below the freezing point of fresh water; the 
number of degrees depending upon the quantity of salt which has been dis* 
solved. Sea-water therefore requires a more intense cold to freeze it than 
river water. When water is saturated with salt, its freezing point is lowered 
At least 32**, or down to 0°; and hence, whilst its temperature is above zero, 
it must remain fluid(53). 

Emily* Whatever you put in this mixture, then, would freeze? 

Mre B, Not every liquid, but any one that is susceptible of freezing at 
that temperature. I have prepared another mixture of 
salt and snow, fqr the purpose of freezing the water from 
which you are desirous of seeing the latent heat escape. 
The snow and salt are in this tin cup, and I immerse in it a 
smaller veasel containing the water To be frozen. I have 
put a thermometer in the water, in order that you may 
observe its ralM^coolIng^ 

Caroline, iHPp thermometer descends, but the heat 
which the wat^is now losing is its /ree, not its latent L^in cupcontain- 
heat. mg snow and salt, 

Mrs B, ^lertainly; it does not part with its latent *<^ '^J^^^^ yf»h^\ 
heat till it changes its state and is converted into ice. contaimng water 

Emily, But here is a very exti*aordinary circum- ^° ^® frozen.] 
stance ! The thermometer has fallen below the freezing 
point, and yet the water is not frozen. 

Mn B, Such is always the case previously to the freezing of water, 
ivhen it is in a state of perfect rest Now it begins to congeal, and you 
may observe that the thermometer again rises to the freezing point(54). 

CaroUne. It appears to me very strange that the thermometer should 
rise the very moment that the water freezes; for it seems to imply that the 
water was colder before it froze than when in the act of freezing. 

Mrs B, So it was; and after our long dissertation on this circumstance, 
I did not think it would appear so surprising to you. Reflect a little, and I 
think^ou will discover the reason of it. 

CaroUne. It must be, no doubt, the extrication of latent heat, at the in- 
ttant the water freezes, which raises the temperature. 

Mrt B. Certainly: and if you now examine the thermometer, you will 
find that its rise was but temporary, and lasted only during the disengage- 



51. What is the explanation? 

58. What becomes of the calorie apparently lost? 

53. What prevents the mixture from freezing at so low a temperature? 

54. Detail the phenomena attending the freezlnj|^ of water by snow and 
stU, 
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ment of the latent heat. Now that all the water is frozen, it agun falls, and 
will continue to fall till the ice and mixture are of an equal tempera* 
ture(55). 

As there is some intricacy in^tiiis suhjeot, I must not hurry you on too 
far. We will therefore dismiss it until to-morrow; and 1 can assure you that 
if you preserve a distinct recollection of the facts and explanations which 
have occupied us to-day, you will desenre no small praise. 



CONVERSATION VII. 

LATENT HEAT CONTINUED. 

Meat rendered sensible by SoUcBfication. Freezing' by Evaporation and by 
Mixture, J^aiural Temperature^ how equalized, Dev>, Hoar JProst, 
Clouds, Fogs, Rain, Snow, HaiL Causes of Cold at great Heiffhts. 

Emily. I have been thinking, Mrs B., that if there were any liquids 
which would become solid by merely mixing them, their latent heat would 
be suddenly disengaged; are there any such? 

M[r8 JS. I could show you several, and although you are not sufficiently 
far advanced to understand perfectly all the attending circumstances, I wiU 
exhibit to you one which*wiU afford a striking example of the fact. 

The fluid which you see in this phial is a solution in water of a certain 
salt called muriate of lime. In this other phtal I have « saturated sulution 
o^ sulphate ofsoda^ (common Glauber's salt). On mixing and stirring them 
together, the whole, or very nearly the whole, »iX[ be JMMjjUy converted 
into a solid mas8(l]. ^HP^ 

Emily. How white it turns! I feel it quite warm, from the escape. ol 
the heat that was latent in the fluids, which have now changed into a solid 
substance like chalk. This is really one of the most euri6us experiments 
we have yet seen; it seems quite a miracle. 

JKfrt JB. It is sometimes called the chemical miracles and I think that 
even to the chemist, who is familiar with its cause, it must always appear 
highly interesting(2). 

I will show you another instance similar to that of the water, which yoa 
observed to become warmer as it froze. I have in this flask a solution (^ 
sulphate of soda, (Glauber's salt,) made very strong; it was corked up 
whilst boiling hot, and kept without agitation till it became cold, as you 
may feel it now is. When I take out the cork and allow the atmosphere to 
^ress upon it, (for being closed when boiling, there is a vacuum in the 
upper part,) observe that the salt will suddenly crystallize. 

Caroline. Surprising! how beautifully the needles of salt have shot 
through the whole flask! 

Mrs B. The experiment succeeds sometimes, although the flask be not 
closely stopped, provided the solution be kept from all agitation. MThen 
the crystallization does not readily take place, a small piece of the solid 
aalt dropped in will instantaneously produce it But let us not forget the 
object of the experiment Feel how warm the flask has become by the ooa- 
Tersion of a part of the liquid into a solid. 



55. What are the causes of the rise and fall of temperature? 
1. What two solutions become solid by mixture? 
fi. What law does this exemplify, and what is the phenomenon ealledf 
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EmUy, Quite varm, I declare ! This is a most carious exemplificatfoft 
of the disengagement of Stent heat(3). 

Mrt B. The slaking of lime affords another remarkable instance of the 
conyersion of latent into sensible heat. Have yon never observed how qnicle* 
lime smokes when water is poured upon it, and how much heat it produces^ 

CaroUne, Yes; but I do not understand what change of state takes place 
in the lime that occasions its giving out latent heat; for the quiok4ime, 
wbi^ is solid, is reduced to powder by the operation of slaking, and is, 
^erefore, ratl^r expanded than condensed. 

Jt£r9 B. It is from the water, not from the lime, that the latent heat is set 
free* The water combines with, and becomes solid in the lime; in conse- 
quence of which chemical union, the heat, which kept It in a liquid state, is 
disengaged, and escapes in a sensible form(4). 

CatoHne, I always thought that the heat originated in the lime. It seems 
very strange that water, and cold water too, should contain so much heat. 

JESimily, Then after Ukis extrication of caloric, the water must exist in the 
lime in the state of ice, since it parts with the heat which kept it liquid. 

Mi*s B. It cannot properly be called ice, since ice implies a degree 
of eold, at least equal to the freezing point Tet, as water, in combining 
vit& lime, gives out more heat than it does In freezing, it must be in a state 
of still greater solflity in the lime than when in the form of ice; and you 
may have observed that it does not moisten or liquefy the lime in the 
smallest degree(5). Quick-lime converts into the solid state about a third 
of its own weight of water. If more than this be added, the excess will re- 
main in the liquid state, and moisten the lime. The former portion is che- 
mically combined, the latter merely mixed(6). 

Endly, But, Mrs B., the smoke that rises is white: if it was only pure 
caloric which escaped, we might feel, but could not see it. ' 

Jifra B, This white yapour is formed by some of the particles of lime, 
in a state of fine dust, which are carried off by the caloric, united with a 
portion of water evaporated by the heat(7). 

Endly. In all changes of form, then, a body either absorbs or disengages 
latent heat? 

J^rt B, You cannot exactly say absorbs latent heat, as the heat becomea 
latent only on being confined in the body; but you may say, generally, that 
hfidies in passing from a soUd to a Uquidform, or from the Uquidfrrm to that 
ofvapourf^absorb heat; and that vhen the reverse changes take place, heat 
is disengaged. To this law there are, it is true, some exceptions, which 
will be hereafter noticed(8). 

Emily, We can now, I think, account for the ether boiling, and the wa4 
ter freezing in vacuo, at the same temperature. 

JUrt B, Let me hear how you explain it. 

Emily, The latent heat which the water gave out in freezing, was tm*^ 
mediately absorbed by the ether, during its conversion into vapour; and^, 
therefore, from a latent state in the water, it passed into a latent state in the 
yapour of the ether. 

Mrs B, You are so far correct; but it remains to be explained -wfiy i^ 
temperature ©f the ether is, by it!! owa^ebuUition, brought down to the 
freezing temperature of water. It is because that part of the ether w&ich is 



5. What analogous experiment is givenVith sulphate of soda? 
4. Whence is heat derived in slaking lime? 

i. In what state does the combined water etist? 

6. In what proportion is it rendered solid by the lime? 
T. Of what does the white vapour which escapes consist? 
t. What general law is given, and is it universal? 
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evaporated, must rob that portion which remains liquid of its free ealoxie, 
which it conyerts into a latent state. This cooled ether must cool the wa- 
ter; so that though one liquid boils, and the other freezes, their tempera- 
tures are equally reduced(9). 

Emily. But why does not water, as well as ether, reduce ita ova tem- 
perature by evaporating? 

Jlfr« JS, It does so, in finct, though much less rapidly than ether. Thus, 
lor instance, you may often have observed, in the heat of summer, how mueh 
any particular spot may be cooled by sprinkling it with water, although the 
water used may be as warm as the air itself(10). Indeed so much cold may 
he produced by the mere evaporation of water, that the inhabitants. of India 
succeed in causing it to freeze, though the temperature of the air be as h%h 
as 40 degrees. This they do by availing themselves of the most favourable 
circumstances for the process, which their warm climate and dry .atmosphere 
can afford, namely, the coolness of night, and situations most exposed to its 
drying breezes. The water is put into shallow earthen trays, so as to ex- 
pose an extensive surface to the process of evaporation, and in the monkii^ 
the water is foiuid covered with a thin cake of ice, which is collected in suf- 
ficient quantity to be used for purposes of luxury (11). 

Caroline, How delicious H must be to dricdL liquids so cold in those 
tropical climates! But, Mrs B., could we not try that CKperiment? 

Afrs JB, Much, in this case, depends upon the rapidity of the evapora- 
tion, and this is materially iofiuenced by the state of the atmosphere, which 
in our climate generally contains too much moisture to allow us to hope for 
success in such a trial(12). We are not, however, entirely without analogous 
facts. It has been often observed that wet clothes h^ve frozen when hung 
out to dry, although the temperature of the air has been three or four de^ 
grees above freezing; the rapidity of the evaporation at the time of a 
brisk breeze and a dry atmosphere, being sufficient to produce the efrect(id). 

We can, upon a small scale, freeze water by its own evaporation in this 
Tery room, in which the thermometer stands at 70 degrees. For this pur- 
pose we must place some water in a shallow dish under the receiver of the 
air pump, and exhaust the air from it. What will be the consequenoe, 
Caroline? 

Caroline. Of course the water will evaporate more quickly, since there 
will no longer be any atmospheric pressure on its sui'face; but will this be 
sufficient to make the water freeze? 

J^9 B, No, because the vapour will not be carried off fiist enough; 
but this will be accomplished, without difficulty, if we introduce into the re- 
ceiver, in a large shallow vessel, some strong sulphuric acid, (oil of vitriol,) 
a substance which has a great attraction for water, whether in the form of 
▼apour or in the liquid state. This attraction is such that the acid will in- 
stantly absorb the .moisture as it rises from the water, so as to make room 
for the formation of fresh vapour. This will of course hibiten the process, 
and the cold produced from the rapid evaporation of 'ihe water, will in a 
few minutes be sufficient to freeze its surface. We shall now exhaust the 
air frpm the receiver(l4]. 



^ 9. Can you give the rationale of the freezing of water by boiling ether? 

10. What is remarked concerning the evaporation of water? 

11. What is mentioned relating to the production of ice in India > 

12. Why may not this be effected ev^ry where? 

13. What circumstance occurs in our own climate dependent OB this 
same principle? 

14. How are we enabled to freeze water by its own evaporation? 
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[PUte of tbe urpnmp eonni witb ■ lurge receinr, aadtr wbieh U « (Iiu 
TMwi contalDine nlphnHc >Eid, with ■ thin cap nitpeiidcd iboTC it, in 
which there ii > portion afntei to fce &oien by it* owd omporMion. ] 

Emilff. ThoDMndt of inudl bnbblea already riae throngh the v*ter &on 
the internal nirikce of the enp; vhat ii the mnn of Ihii^ 

■*fr» J- Theie »re bubble* of »ir which were partly attsched to the Teuel, 
and partly diirD*ed is the vater itielf; and they expand and riio m eonae- 
qaenoe of the atmoipherio praaaure being remoTed(lS}. 

CaroSne. See, Emily, the Ihermometer in the cup i* aiakini; {aati it 
hu already deaeendedto 40°i it now atanda lUtianary at 33°; and now eiya- 
tal* of ioe are actually begioning to shoot out all orerlho inrfaaeof Ihewaten 
Bow beautiful it ii! The aurfaoe ia now entirely Iroien, but the thermome- 
ter remaini at 33 degree*. 

Mri B. And ao it will, eonformably with Oor doctrine of latent heat, 
nDtll the whole of the water U frozen; bat it vill then again begui to de- 
aoend lover and lower, in DOoequence of the evaporatioQ which goei OD 
eren from the luHaee of the iee itaelf(16). 

EmUy. Tbi* ia a moat intereating eiperimentt but it would be *till 
nore aatisfactory if no aulphnria acid aere required. 

•*&> B. The method of forming ice whioh I hare jaat ahown yoD, wu 
oontiiTed by Mr Lealie, the inTentor of the diSerential tbermometeri bnt I 
will thov you a freeiing inatrament, contriTed bj Dr Wollattoo, upon tba 
tame principle as Mr Lealie'a experiment, and by which water may be fnneD 
by it* own evaporation alone, vithont (be aaaiitanee of aulphurio aoid. 

It ii exactly aimilar in its form to the inatrumeDt invented by the eeli^ 
brated Dr Franlilin, which ii aometimea, though very improperly, called * 
polie slaasj it would more properly be termed a fmlm glut*. 

ThU ii Franklin'* in*trnment. It con- 
fauna some alcohol oolonred red; and aa then 
■ir iaeihaaited from it, there i* a»tronglen-^|^^^^^ 
denoy in the alcohol to eTsparatc. IF I gratp 
one of the bulb, in the palm ^ my hand, its [p^„ ^ floilinr Glaai.] 
varmlh will expand the lapour, and drive the 

whole <^ the liqnid into the other bulb, where, by thepaaalng of the vapODt 
ftm^ it, it will aianme the appearance of boilii^. At tbi a instant, adistinot 
(ensUioB of cold will be felt in my band, in oonseqaenoe of the GIm of al w 
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hoi within the holb beooxning yapour, and in so doing abiorbing .ealo* 
rie(17). 

The instrument inyented by Dr Wollaston is, as yon see,, much Utr^er 
than the palm glass, its length being four or five times as great lake the 
latter its tube is terminated at eaeh extremity by a bulb, one of which 
is half full of water. It is also perfectly exhausted of air, and eonseqaeati/ 
the water in the bulb is always maeh di^^sed to evaporate. This €▼&- 
poration, however, does not proceed sufficiently far to freeze the water, 
because the vapour formed, presses upon the sur&ce of the liquid and stops 
the process; but if the empty bulb be cooled by some artificial means, so as 
quickly to condense the vapour which rises from the water, the process may 
dius be so much promoted as to cause the water to freeze in the other bulb. 
Dr WoUaston has called this instrument a Cryophorttt or Fro»t becarer{l^). 

Caroline. -Cold seems to perform here the same part which the sulphu- 
ric acid acted in Mr Leslie's experiment? 

JIfrs B. Exactly so; but let us try the experiment I pass the whole 
of the water into one bulb, and surround the other with a freezing mixture. 
This wUl condense the vapour whi<^ rises from the water into ice in the 
empty bulb; and the TABUum being thus kept up, the evaporation will sooa 
rob tbe water of its caloric, and reduce the whole to the state of iee(19). 




[Dr Wollaston's Cryophoru9j with the empty bulb immersed in a mixtort 
of snow and salt, for the purpose of condensing the vapour.] 

By a process analogous to this, as well as by employing certain freezing 
mixtui-es, mercury itself may be frozen; although this requires a reduction of 
temperature of 71 degrees below the freezing point(20) 

Emily. Then there must be some freezing mixtures which prodaee a 
•old much more intense than the snow and salt 

Mr» S. There is a great, number; in some of which ice or snow is 
used, in others the cold is produced by the solution of different salts in wa- 
ter, taken at the ordinary temperature of the atmosphere, even in sum- 
iner(21). I will show you one example of this. I have pulverized ten 
drachms of sal ammoniac, (muriate of ammonia), ten drachms of salt-petre, 
(nitrate of potassa), and sixteen drachms of Glauber's salt, (sulphate of soda), 
which I have in three separate papers. In this tumbler I have thirty->two 
drachms (four ounces) of water, and in this thin glass tube a portion of w»- 
ter which I intend to freeze. By mixing these salts in the water, and allow* 
ing the tube to stand in the mixture, the water within it will soon be frozen* 
The solid salts dissolve in the fluid, and in doing so will reduce the temp^> 
rature from 50^ to as low as 4" above zero(22). 

When you are better acquainted with the different salts and acids, I will 
show you a table of their ^Eects, by which you will see that we can com- 
mand a degree of cold of nearly 100** below the freezing point 



17. Describe the structure and operation oiike palm ^Uut. 

19. What kind of instrument is tiie Cryophoru9?* 

19. In what way may the water contained in it be frozen? 

90. What is said respecting the freezing of mercury? 

81. What is observed respecting freezing mixtures? 

22. By what salts may water be readily frozen even in summer' 



;« 
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Caroline, Indeed, Mrs B., this subject of heat seems to have mtrodaeed 
us into a new world. We have hitherto witnessed all these changes in the 
temperature, and in the form of bodies, with scarcely any other than the 
simple impression that they were produced by heat and cold; but hereafter 
we shall be delighted to apply the valuable knowledge that we have gained, 
in tracing these changes in the atmosphere, on the earth, and in the water, 
to their causes, and must stand in perpetual admiration of the effects which 
result from them, — effects, of which, but for your kindness, it is probable we 
should have remained forever ignorant. 

Mrs JS, I shall be happy, my dear children, to live in your reoolle«ti<nft 
as having, in some measure, contributed to the enlargement of your views 
of the works of nature; but more happy still, should your contemplation of 
these works habitually lead your mindfs to that of their great Author, the be* 
nevolence of whose character is as uniformly displayed in them, as are his 
^ attributes of wisdom and power. 

As you have now obtained a pretty general view of the different modifi- 
cations of which heat is susceptible, I will, before dismissing this subject, 
exhibit to you some further instances of their application principally in at* 
mospherlc changes. These have been already incidentally touched on, but 
you are now more fully prepared to comprehend them. 

Caroline, What an astonishing effect must be produced by the evapora- 
tion which is constantly taking place from the whole surface of the earth, 
and from the condensation of this vapour in the form of dew or rain! 

Mrs B, So general and so powerful is the influence from the absorption 
and evolution ofgpaloric in these changes of form, that without their mode- 
rating effects it 'is certain that but a small portion of our earth would be 
habitable(2d). If, «e rorm^rly supposed, air, instead of heat, had been the 
solvent of water, no result of this kind would have been produced; but, as 
it is, every particle of water that is evaporated, absorbs about 1000" of ca- 
lorie, which, when the water is condensed, are again liberated(24]. The 
ancients supposed that the equatorial regions must be uninhabitable, from 
the intensity of the heat; but the evaporation is proportionate to this inten- 
sity, and the vapour so formed ascends and carries off the heat in a latent 
state. When cooled in the upper regions of the atmosphere, or when wailed 
to colder climes, it is condensed, and, in the form of sensible heat, gives 
out the caloric which it had absorbed. Thus does invisible vapour become 
the transporter of heat from the torrid to the frigid zones(25]. 

Emily, And then the very freezing of water itself must contribute to the 
same end, as this, also, in becoming solid, giyes out its latent heat(26). 
. Mr9 £, The quantity of caloric thus communicated to the atmosphere 
by the freezing of j|ater is exceedingly great. Count Rumford calculated 
that " the heat given off to the air, by each superficial foot of water in cool- . 
ing one degree, is sufficient to^warm an incumbent stratum of air, forty-four 
times as thick as the depth of water, 10 degrees(37)." In free^g it gives 
out the 140 degrees which, in its liquid form, remained latent; this will ena- 
ble you to form some judgment of what must be its influence while undei^- 
ing this change of form from the fiujd to the solid state. When we say that 
vater gives out 140** of heat in becoming solid, we mean that in the 



23. What is said of the influence of the changes of form which occur in 
bodies^ 

24. What results from heat, instead of air, being the solvent of water? 

25. How does the formation of vapour operate in equalizing temperature? 

26. In what way does the freezing of water contribute its aid? 

27. What calculation of Count Rumford is stated? 
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freezioff of a given portion of water, a pint or a gill for example* as nmeh 
heat is set free as would elevate the temperature of an equal quantity of water 
140 degrees(28). 

We know not how intense would be the cold which produces freezing, 
hat for this counteracting influence^ or how oppressive the heat which pro- 
duces a thaw, but for the quantity rendered latent in the very operation. 

JBmilg, Pray^Mrs B., in what manner do you account for the formaticni 
of dew? 

Jllr« JB. Dew is a deposition of watery particles, or minute drops^ from 
Ihe atmosphere, precipitated by the coolness of the evening(20). 

Caroline^ This precipitation is owing, I suppose, to the cooling of the 
atmosphere, which prevents its retaining so great a quantity of watery Ta« 
pour in solution as during the heat of the day. 

JIfrt B. Such waS| irom time immemorial, the generally received opi- 
nion respecting the cause of dew(30]; but it has been very recently proved 
by a course of ingenious experiments of Dr Wells, that the deposition of 
dew is produced by the cooling of the surface of Uie earth, which he has 
shown to take place previously to the cooling of the atmosphere; for on ex- 
nodning the temperature of a pl6t of grass just before the dew-fall, he found 
that it was considerably colder than the air a few feet above it, from which 
the dew was shortly after precipitated(31). This fact accounts very satis- 
factorily for the formation of white, or hoar frost. Whilst the temperature 
of the air is above the freezing point, that of certain articles on the surface 
of the earth becomes sufficiently reduced to condense and freeze the 
moisture which was contained in the atmosphere(d2). 

Emily. But why should the earth cool in the evening sooner than the 
atmosphere? 

Jkfrs B, Because, by radiation, it parts with its heat more readily than 
the air. The earth is an excellent radiator of caloric, whilst the atmosphere 
does not possess that property, at least in any sensible degree. Towards 
evening, therefore, when the solar heat declines, and after sun-set, when it 
entirely ceases, the earth rapidly cools by radiating heat towards the skies; 
whilst the air has no means of parting with its heat but by coming into contact 
with the cooled surface of the earth, to which it communicates its calo- 
rio(d3). Its solvent power being thus reduced, it is unable to retain so 
large a portU>n of watery vapour, and deposites those pearly drops which we 
gaII dew, or those glittering gems of which hoar frost consists(d4). 

FimUy, If this be the cause of dew, we need not be apprehensive of re* 
eeiving any injury from it; for it can be deposited only on surfaces that are 
eolder than tfa^ atmosphere, which is never the case with our bodies. 

•%fr« J?. Very true; yet I would not advise you for this reason to be too 
•onfident of escaping all the ill effects which may aris<# from exposure to 
the dew; for it may be deposited on your clothes, and chill you afterwards * 
by its evaiyration from them. Besides, whenever the dew is copious, there 
it a chilliness in the atmosphere which it is not always safe to encounter. 

Caroline, Wind, then, should promote the deposition of dew, bybringw 
ing a more rapid succession of particles of air into contact with the earth. 



28. What is the quantity of heat set free in the freezing of water, and 
what is intended by so much being set free? 

89. What is d^w, and how is it said to be produced? 

90. What opinion has been entertained respecting its precipitation? 
SI. What observation of Dr Wells has led to another theory? 

32. In what way may this apply to the formation of hoar frost? 

33. How does the earth cool to produce these effects? 

34. Why does the air then deposite moisture? 



LATENT HEAT CONTINUED. 83 

jnit as it promotes the eooUng of the earth and the varming of the atmosphere 
during the heat of the day. 

J^r% B. This may he the case in some degree, proiided the agitation 
of the air he not considerable; bnt when the wind is strong, it is found that 
less dew is deposited than in calm weather, especially if the atmosphere he 
loaded with clouds. These accamulations of moisture not only prevent the 
free radiation of the earth towards the upper regions, but themselves radi- 
ate towards the earth; for which reasons much less dew is formed than on 
fine clear nights, when the radiation of the earth passes without obstacle 
ihrough the atmosphere to the distant regions of space, whence it receiyes 
no caloric in exchange(35). The dew continues to be deposited during Ae 
night, and is generally the most abundant towards morning, when the con* 
trast between the temperature of the earth and that of the air is greatest. 
After sunrise the equilibrium of temperature between those two bodies if 
gradually restored by the solar rays passing freely through the atmosphere 
to the earth; and later in the morning the temperature of the earth gains thtt 
ascendency, and gives out caloric to the air by contact, in the same mannei^ 
as it receives it from the air dm*ing the night(36). 

Can you tell me, now, why a pitcher filled with cold water from a well or 
Spring, or a bottle of wine taken fresh from the cellar (in summer particn- 
laiAy) will soon be covered with dew; and even the glasses into which the 
vater or wine is poured will be moistened with a similar vapour? 

Emily. The bottle being colder than the surrounding air, must absorb 
caloric from it. The moisture, therefore, which that air contained becomes 
visible, and forms the dew which is deposited on the bottle, the heat pene» 
tniting through the glass, which the moisture cannot do(d7). 

Jlir« B* Yery well, Emily. Now, Caroline, can you inform me why^ 
in a warm room, or close carriage, the contrary effect takes place: that is Id 
say, why the inside of the windows is covered with vapour? 

CaroUne* I have heard that it proceeds &Y>m the breath of those within 
the room or the carriage; and I suppose it is occasioned by the windowi 
being colder than the breath, aAd, therefore, depriving it of part of Its 
ealoric, and by this means converting it into watery vapour(38). 

Jifrs B, Tou have both explained the facts extremely -well. Bodies attract 
dew in proportion as they are good radiators of cidoric, and it is thus that 
their temperature is reduced below that of the atmosphere. Hence we find 
that little or no dew is deposited on rocks, or sand; "whilst grass and living 
vegetables, to which it is so highly beneficial, obtain it in abundance, an* 
other remarkable instance of the bounty of Providence(39). 

Emily. We read that in some hot climates rain is scarcely known, and 
that the abundance of the dews serves to supply the moisture necessary to 
vegetation; but I do not understand what natural eanses increase the dew in 
hot weather. 

M5rt B. The more caloric the earth i*eceives during the day, the greater 

«iwill be the evaporation, and the more its loss by radiation during the nighti 

and from both these causes the greater will be the deposition of the dew* 



35. What is observed respecting the effect of winds and elouds? 

36. What is the process at night and in the morning? 

37. What causes the dew, or moisture, upon a vessel eontaining a eold 
liquid, in a warm room? 

38. What causes the moisture on the inside of the windows, in eold 
weather? 

39. Why it dew deposited on some bodies more than upon others? 
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DuriDgf a calm and elear night, a thermometer on the ground ^maj be tS^ 
lower than one hung in the air, owing entirely to this free radiation(40). 

Caroline, I have been thiaking of the formation of clouds. I understand 
▼ery well that they consist of the watery vapour which rises from the eartliy 
and is partially condensed; but frequently they form, and appear very dense, 
and again disappear with great rapidity, not producing rain, but seendii^ 
to vanish entirely. 

J^rt B, The causes of the changes which occni; in the atmosphere, aad 
which are studied under the name ot J^eteorologyifii), have puzzled wiser 
heads than ours. They take place in regions too elevated, and are effected bjr 
oirciimstances too distant from us to admit of accurate investigation. Thejr 
are undoubtedly governed by the laws which have been explained to jou; 
but from the caufes named, we can, in this case, make only a general appli- 
cation of these laws(42). Currents of warm and of colder air exist in the 
atmosphere. Whilst the quantity of heat is sufficient, the vapour is held in a 
state of perfect solution; when partially cooled, a condensation into clouds 
is the result. This, when it occurs on the surface of the earth, we call a 
fog(4d). If the cooling influence is from any cause increased, the quantity of 
caloric, which served to keep the water in a state of vapour, being dimin- 
ished, the watery particles approach each other, and form themselves into 
drops of water, which, being heavier than the atmosphere, descend to the 
eartfi(44). There are also other circumstances, and particularly the varia- 
tion in the weight of the atmosphere, the changes which take place in its 
electrical state, &c. which may contribute to the formation of rain. This, 
however, I have already told you, is an intricate subject, into which we 
cannot more fully enter at present(45). 

EnUlif. Snow, I suppose, is caused by the condensed vapour of (he donds 
freezing before it is formed into drops(46); but how hail can be produced, 
and particularly in the hot weather of summer, I cannot even guess. 

Mrs B, You have learned in your geography, that, even near the equa- 
tor, the highest mountains are covered with perpetual snow; and this must 
convince you that at every season, in very elevated regions, the temperature 
is below the freezing point(47). Hail is undoubtedly occasioned by the 
formation of drops of rain in a warm stratum of moist air with one that ia 
dry and cold below it In falling through this latter, the drops freeze, and, 
from their weight, fall with such rapidity to the earth, that the warm at^- 
mosphere has not time to produce any sensible effect upon them(48). 

Caroline, I know that those who have ascended to a great height in 
balloons, have uniformly borne testimony to the severity of the cold, and 
certainly elevated mountains are every where covered with snow. Now I 
should have supposed that as in ascending in mid-day you approach the sun, 
if any difference were felt it would be of an opposite kind. 

Jlfr« B. At the distance of nearly a hundred millions of miles from the 
tan, the approach of a few thousand feet could make no sensible difference 
in its effecU(49). 



40. What occasions the abundance of dew at certain times and places? 
X\, What is intended by the term Meteorology? 

42. What circumstances interfere with its investigation? 

43. In what way are clouds and fogs produced? 

44. How are they made to produce rain? 

45. What circumstances are supposed to influence the result? 

46. In what way is the vapour condensed into snow^ 

47. What proves that the cold is intense at great heights? 

48. How is hail supposed to be produced? 

49. Why is not the influence of the sun increased as yon ascend at nooftf 



s^* 
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Tbe coldness of elevated stations is, however, dependent vpon a general^ 
Iaw regarding^ radiant heat, which is, that radiant heat ptutet tkr&nA 
tratuparetii media vithout heating tfiems and as our atmosphere is perfeiKfyV 
transparent, there is no heat imparted to it from the solar rays, vhioharHt*'' 
tbroagh it to the surface of the earth, without anj diminution of their iim 
tensity (50). 

EmUy, But, Mrs B., if the atmosphere is not warmed hy the passage or 
the sun's rays through it, how does it acquire heat? 

Jl£r9 B. Just as heat was communicated to the water which we hoiled in 
the flask some time since. Opake bodies absorb the solar ray and becoiuB 
heated, and these communicate their heat to the portion of air in contact 
with them. It is the earth therefore which warms the atmosphere. Thestra» 
turn of air which is immediately in contact with it, is heated by it,beeomeB 
apeeifically lighter, and rises, making way for another stratum of air, wHich 
is, in its turn, heated and carried upwards; and thus each successive stratum" 
o£ air is warmed by coming in contact with the earth(ill]. You may per* 
oeive this effect in a sultry day, if you attentively observe the strata of air 
near the surface of the earth. They appear in constant agitation; for thougli 
it is true that the air itself is invisible, yet the sun shining on the earth ra^ 
rifies the air, which rising, mixes with that of a greater density, in doing which 
its undulatory motion is rendered visible. The temperature of the surface of 
the earth is therefore the source from which the atmosphere derives its heat, 
though it is communicated neRher by radiation, nor transmitted from one 
particle of it to another by the conducting power; but every particle of air 
must come in contact with the earth, in order to receive heat from it(52). 

Caroline, Yet as the warm air rises from the earth, and the cold air 
descends to it, I should have supposed that heat would have accumulated in 
the upper regions of the atmosphere, and that we should have felt the .^ 
warmer as we ascended. ^ 

Mrs JB. The atmosphere, you know, diminishes in density, and conse« 
quently in weight, as it is more distant from the earth. The warm air, there- 
fore, rises only till it meets with a stratum of air of its own density; and it 
eannot ascend into the upper regions of the atmosphere until all the parts 
beneath have been previously heated. Besides, as it ascends it becomes 
more rare, and consequently has its capacit5^i|picreased, and its sensible heat 
reduced. It is also wafled to colder regions, and performs its office of aiding 
in equalizing the temperature of the earth(53). 

Caroline, Still, as the mountains which are covered with snow are 
similar to other portions of the earth, it appears toifte that, according to our 
theory, they ought to become heated by the solar rays, and, of course, have 
the snow melted upon their surfaces. 

Jfcfr« S, You must recollect that they are sun*ounded by an ocean of 
cold air in constant motion, which is amply sufficient to carry off all the 
heat which their comparatively small surfaces allow them to absorb. In the 
upper regions the currents of air are as constant, and probably as regular, 
as the tides in the ocean(54). 

Emily, Is it also a fact that glass, cryst^^l, diamond, water, and all other 
transparent substances, allow the rays of heat to pass* through them without 
acquiring any themselves? 



60. What is the effect of radiant heat upon transparent media? 

51. How is the heat communicated to the atmosphere? 

5S. How may the fact of rarefaction of tlie air be observed? 

53. What is consequent upon the ascent of heated air? 

54. Why are high mountains but little affected by solar heat? 

H 
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Mr9 JB, If perfect] J transparent, thii wonld be the ease. The bunuii^ 
glass collects the rajs of heat to a focus, and itself remains cool. If you hold 
it so that the rays are concentrated in the middle of a vessel of clear watery 
the fluid will not become heated(5S); but if apiece ofany opake suhstaneebe 
placed at the focus, the water may soon be made to boil; or, if a porCion of 
ink, or of any article which will impair its transparency, be mixed irithtba 
water, it will in like manner become heated by means of the glass, or bj ex* 
posure to the rays of the 8un(56). The most simple way of trying this ex* i 
periment is to expose two bowls of water to the action of the sun, one dirty ' 
SBid'^one clean; you will find that the clean water will remain the longest 
eool. The containing vessel however must eventually become warm, and(^ 
course heat its contents(57) 

We must now dismiss the separate consideration of the subject of heat; 
but we shall find it accompany us through all our chemical inquiries, ia 
connexion with every change which you will witness. You will conse* 
quently be compelled to advert to the laws which have been explained to 
you, with a frequency which must render them perfectly familiar. Oar next j 
conversation will be on electricity. i 



CONVERSATION VIIL 

»N ELECTRICITY. 

^ame» Appearances produced by Friction. opinions respecting its 
Mature, Analogy vnth Heat. Positive and JVegative. Theory of a single 
and of tvfo Fluids. Ulectncal M[ackine. Conductors and J^on^conductors, 
Spark and Shock. Leyden Jar. Insulation. Induction. FrankUnian 
theory of the Leyden Jar. Lightning and Thunder. 

CaroUne, I feel a great deal of interest in the subject upon which we 
are now to converse; for alth(M|||h I have repeatedly witnessed electrical ex- 
periments, and have read someuiing respecting them, electricity is still to 
me a subject of much mystery. 

J^rs JB. Nor can I promise entirely to draw aside the veil which now 
obscures it; for notwithatanding enough iskndwn about it to convince us that, 
like caloric, it is an agent universally diffused, and of perpetual operation, 
yet of its intimate nature we cannot be said to know any thing(l); Some 
believe it to be simple, others view it as compound, and although it is gene- 
rally denominated a fluid, there are eminent philosophers who have doubted 
its being a material agent, believing it probable, that, like attraction, it is a 
.mere property of matter(2). It is necessary, however, for us to adopt some 
theory, for the purpose of connecting together the valuable and numerous 
facts which have been discovered respecting it; but let me enjoin it upon 
you to use this theory* only as you would an artificial memory , to enable yon 
to recollect what without its aid might be forgotten(3). " 

CaroUne. 1 confess, Mrs B., that my ardour begins already to abate, for 



55. What is remarked respecting a burning-glass^ 

56. How may water be heated by such a glass? 

57. How may the same fact be proved without a glass? 

1. What is said of the electric fluid, and of our acquamtance with it^ 

2. What different opinions are entertained respecting it? 
8. What is the proper use of a theory? 
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lidw eui we feel any great interest in a Mienee in whieh ire know that so 
aiaeh uncertainty prevails. I like those whioh rest upon established prinr* 
elples, and which, when we have once learned, we hare learned forever. 
I was in hopes that the new discoveries in electricity had thrown so gr^at a 
light on the subject, that every thing respecting it would have been clearly 
explained; but it seems tluit whilst we are informing ourselves concerning 
y it, we ought to think, all the time, that perhaps what we are so eager ia 
^ learn is not true. 

JKIr* £. When we dismiss our sober reason and allow our ardour te run 
into enthusiasm, we are not in the right road for the discovery of truth. 
The facts which you will learn are not the less true because your powers 
are limited, and you therefore cannot discover their remote causes. Tou 
were satisfied, in your natural philosophy, to refer a great number of open^ 
tions to gravitation; yet of the cause of gravitation you do not pretend to 
know any thing. '• If you must have absolute certainty, you must relinquish 
the physical sciences, and devote yourself to the pure mathematics, where 
^ every thing is as certain as that two and two make four; yet of the mathe- 
matics you will confess that you were not very fond, although you have made 
aome progress in the study of them(4). 

Caroline, Thank you, my dear madam, for your rebuke, the justice ef 
which I feel, and will endeavour to profit by it. I believe the science ef 
electricity is of modern origin, and therefore we ought not to look for as 
much perfection in it, as in some others. 

Jnra B, The ancients had noticed that certain bodies, by being rubbed, 
acquired the property of first attracting and afterwards repelling light sub- 
stances. 9ne of the articles which does so in an. eminent degree is amber; 
andffrom electron, the Greek name of amben the term electricity is 
derived(5). There are many other substances which possess this property; 
among them are glass, the resins, sulphur, wax, jet, silk, fur, and woollen(6). 

I rub this large glass tube with a silk handkerchief, and you see that it 
first attracts, and afterwards repels this flock of cotton. The same effect you 
perceive takes place on rubbing this stick of sealing wax with a piece of 
dry flannel. If, after thus rubbing them, you present your knuckle to either 
of them, you will feel a slight sensation, and hear a hissing noise. Were yoa 
in the dark, you would likewise see flashes of light between the glass, or 
sealing wax, and the knuckle. These are denominated electric appear* 
anceaij), 

Emily, I have frequently, in frosty weather, noticed similar appearances 
in parts of my dress, particularly in flannel and silk, and have sometimes 
felt a smart sensation from the sparks which have been emitted(8). 

Mrt B. The friction of woollen against silk often excites electric ap« 
pearances very strongly; and after becoming familiar with the subject, yoa 
will notice numerous other cases in wliich similar effects take place. Elec- 
tricity is now generally regarded as a very subtile elastic fluid, present in 
•11 bodies. It is viewed as one of the most active principles in nature. It 
is the cause of thunder and lightning, of the phenomena of galvanism, and 
probably also of magnetism. It is so intimately concerned in chemical 
elianges, as to have given plausibility to the notion that it is the eause of 
them(9). 



4i What is said respecting certainty in the physical sciences? 

5. From what was the name Electricity derived > 

6. What other substances besides amber possess this property? 

7. Name the appearances produced by rubbing glass or sealing was. 

8. Wliat does Emily mention that she has noticed? 

9. Wb»t is obserred respecting iu nature and effeett? 



88 CONVERSATIONS ON CHEMISTRY. 

Caroline. If it is a principle so actire, and so oniversally difiused, onglvi 
we not constantly to be sensible of its influence^ Yet this appears to be 
rarely the case. 

MSrt JB. Perhaps you will be more sensible of its inflaenee when yoa 
are more familiar with its effects; as yoa can now detect the influence of 
heat in cases where yoa did not formerly saspeet it. If heat were equally 
diffused throughout all the bodies in nature, what means would you poaseas 
of knowing its effects? 

Endly, I cannot perceive how, in that case, we could eren know of its 
existence, or what idea we could have of heat and cold, as the temperature 
of all bodies would be alike^ or rather there would be no such thing as tem- 
perature(lO). 

Ji£r8 B. Very well said, indeed; your conclusions are quite logical. 
You will find a strong analogy in many points between caloric and the electrie 
fluid; and one instance of it is furnished by the fact, that it is only by the 
disturbance of their equilibrium that we become acquainted with their exis* 
fence(ll]. When a body contains less than its natural share of die electrio 
^uld, it is said to be negatively electrified, and when more, to be ponHveljf 
electrified; but in either case the body is said to be excited(13). The best way^ 
of exciting substances is by friction. When two different bodies are robbed 
together, it appears that one may possess the property of parting with a por- 
tion of its electricity to the other; in which case they will both be excited^ 
the one negatively, And t\ie other positively(13). Thus in the rubbing^ of 
tlie glass tube with the silk handkerchief, a part of the electricity of the 
silk attached itself to the glass. The former therefore was in a negative, the 
latter in a positive state, and each of them would have exhibited electrical 
appearance s( 14). 

Caroline. In my late reading upon this subject, I had understood that 
there were two distinct fluids, one called negative, or resinotia electrici^, 
and the other positifve, or vitreous; and that when a body was excited it con- 
tained an excess either of the one or the other(15). 

J\frt JB. Such is the opinion of some eminent philosophers, who hare, 
cf course, strong grounds upon which to found their theory: this, however, 
is a point which we cannot discuss at present Those who believe in two 
fluids, teach that when these fluids are united, no electrical appearances ex- 
ist,* but that they neutralize each other. Thus, according to this opinion, in 
rubbing the silk and glass together, the electricity in each was decomposed ^ 
the positive electrici^ of the silk going over to the glass, and the negative 
electricity of the glass to the silk, and each therefore contained an excess of 
the electric fluid, but of the opposite kinds(16). 

JEmdly. It seems to me more natural to admit of but one electrio fluid, 
and to suppose that the negative state is merely a privation of electricity, as 
cold is a privation of heat, and the positive state an excess of it, like one 
body being hotter than another. 

JKfr« B. The able founder of this opinion was our eminent countryman 
Franklin, and I believe that its supporters form a large majority amon^ 
men of 8cienoe(17). We must not, however, consider Uiis question as one 



10. If heat were equally diffused, what would be the result? 

11. What analogy is there between heat and electricity? 

12. When is a body said to be negatively, and when positively electrified? 
IS. When electricity is excited by friction, what is believed to ocour^ 

14. How is this exemplified in rubbing glass with silk? 

15. What does Caroline observe that she had read? 

16. What is the oqtline of the theory of two fluids? 

ir. Who was the founder of the theory of a single fluid? 



ON ELECTBICrrr. 8B 

Oat Bof he lettUd by rotei, or onnehM miderUb to leMFiDe jndgei 
Vpoa (Qcli a aubject. I ihill adopt the titeOTJ of > tingle fluid, beeanu I 
l£ink it the more eonTenient, and goafeii that [ am inclined to believe it to 
he the truth. This fluid, like heat, ii repulsiTe amDng it> own putielea, 
bat attreetiTe of other matter, and haa a tendencj to an eqiiilibriuni(I8]. 

CaroKne. Pra;, Mrs B., vhaC was Ihe origin of the terms vitremt and 
re^notu, which it aeenta are ajnonimoas with petitive and nej'a^ve(lS). 

JUrt S. They were Bdo|ited, becauie glaaa, and other vltreoaa bodiei, 
when rubbed, generally become poBitivcij electrified, whilat reimoua aah- 
Maneea are thus rendered negative, The Cerma plus and ndmu are alio 
Knnetimea naed [o'^eaignale an excels or adefieienDy of this fluld(90). 

There are but few aubjects so fertile in striking facts and brilliant eipe- 
rimenta >* that of eieetricilj^ but we muat tonch but lightly upon it, or 
«« should he detained too long from Ihe pnraait of nhemiatrj. 1 will now 
ezplun to yon the atmclure of the common electrifying machine which 
ve have upon the table, and yoa will find it perfeollj analogous in its ope> 
ration to the glaii tube and ailk handkercluef. 

Ebelrical Machine. 



£Ai The cylinder. B, the prime eooduetor. , C, the enahion. D, jar mi- 
pended iromthe prime eoadoctor to reeeive a charge. E, insulating pillar 
of (be oondoolor. P, inaulatiog pillar of the rubber, or cashion. G, 
chain to connect the cushion with the ground, through the medium of tho 
t^le, kc. 

The back part of the machine ia presented tor (he purpose of ihowing Uia 
onahion distinctly.] 

The part called the cylinder, which is of glass, la made to revolie br 
meaaa of the handle, and in ao doing it raba against a part at the back, 
called the cn^ion, or rubber, which is elastic, and covered *ith leather. Diu- 
ing thia revolting motion, a portion of (he electricity of the rubber paasei on 
to the surface of the glass, which, having in excess, will readily part with it 
to any CDnifucfiT^aubBtance presented to iL Thus if yon pre sent yonrluiUGUe, 



{ 
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to tbe side of the glass opposite the enshion, you will not only feel, but 
see and hear the flnid passiog from it into your haDd(21). 

Emily, Then my hand is a conductor of the fiuid. Glass, I belieTe, is 
called a non-conductor, 

JMrs JB, Electricity, like heat, passes with facility along some bodiesy 
and very slowly indeed along others. The metals are the best condueton 
of electricity^, as they are of heat also, and the electric fluid passes almig 
them with inconceiyable rapidity (22). All those bodies which become ex* ' 
eited by friction are non-conductors; for if they conducted freely, the fluid 
would pass o£f as quickly as it was excited. They are also called eUctric*, | 
because they become excited, or electrified, by friction. Conductors are 
also called non- electrics ^ because they are not excited by friction, or, if ex- 
cited for a moment, hare their equilibrium instantaneously restored by their 
conducting power(23). But to return to the machine. 

Were we to continue turning the cylinder without presenting any con- 
ductor to it, the fluid would pass round it, and back again to the cudiion. 
But you see in front of it a cylinder of metal, with points projecting from it to- 
wards the glass cylinder. These points receive the electric fluid with great ^ 
facility, and it is immediately diffused over the prime conductor, which is . 
the name given to this metallic body. You well know that very smart | 
sparks may be taken by your knuckle, or any other good conductor which 
is brought near to it(24). 

Caroline, When we take a shock, a glass jar coated with metal is al- 
ways employed. What is the reason that the prime conductor alone will not 
give a sliock when the machine is in action? I have often tried it, but nevo' 
with success. 

J\£r8 B, From its elasticity, resulting from the repulsion among its own 
particles, the electric flnid is constantly flying off from the prime conduc- 
tor into the atmosphere. The quantity that can be retained by this part of the 
machine is, therefore, very limited, and affords no more than what is deno- 
minated the spark(25 ). The electrical jar, or Ley den phial, as it is frequently 
called, serves as a reservoir, in which the fiuid can be retained in a state of 
comparative quiescence. You may frequently obtain sparks from the conduc- 
tor to your hand at the distance of several inches, whilst a jar which may 
contain a thousand times the quantity, must be approached within half an 
inch in order to its discharge. I wHl presently explain to you the Franklinian 
theory of the action of the jar(26). 

"Emily, The prime conductor is placed upon a pillar of glass. This, I 
suppose, is because glass is a non-conductor, and serves therefore to prevent 
the escape of the fluid(27); but I do not understand why the cushion is also 
placed upon a glass pillar, as this is intended to supply the fluid to the 
cylinder. 

Jlir« B, You have judged correctly of the use of the pillar of the prime 
conductor. A conducting substance placed upon glass, or upon any other 
non-conductor, is said to be inaulatedy that is, its communication with bodies 
which would carry away any electricity communicated to it, is cut off. A 
person standing upon a stool with glass legs, or upon a cake of wax or rosin. 



31. Describe the structure and operation of the electrifying machine. 

32. What is said respecting conductors and non-conductors? 
S3. What bodies are called electrics, and what non-electrics? 

3^. WJiat further is said of the machine, and \X% prime conductor? 

35. Why can nothing more than a spark be obtained from it? 

36. What is remarked respecting the Leyden jar? 

37. What supports the prime conductor, and why is it so placed > 
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•r Ukj body that is suspended hj threads of silk, is iii8iilated(28). In the 
Drdinaiy use of the machine the eushlon is not insulated. You peroeiye that a 
brass chain hangs from it connecting it with the table. This is to afford to it a 
supply of the fluid, as it becomes exhausted by the turning of the cylinder. 
The glass pillar is placed there, in order that it may be readily insulated for 
the purpose of performing experiments with negati've electricity. If you re- 
move the chain, the natire electricity of the cushion will be carried off by 
the cylinder and the prime conductor, and the cushion will be in a negative 
state, ready to receive sparks yrom your hand, or from any conducting sub- 
stance presented to it(29). 

Caroline, When I present my knuckle to the prime conductor, or to 
the brass knob of the cushion after removing the chain, the sensation and 
the appearances are the same; the rapid motion of the spark not allowing 
ne to tell whether it flies from, or to, my knuckle. By what means then am 
I to discover whether a body be electrified negatively, or positively (30)? 

JUra B, This can be done with great facility. ^ 

Two bodied which are in the same electrical 
state, either negative or positive, repel each other, 
whilst those which are in opposite states attract 
each other. When 1 hang this thread, with a 
eork ball at each of its ends, across the prime con- 
ductor, and turn the machine, they immediately 
recede from each other, both being positively elec- 
trified. If I hang a similar pair of balls upon the 
knob of the cushion, they also will repel each other, 
both being in a negative state; but one of those 





whether a body be positively or negatively eleo- ^^°"* ^^ conductor b,] 
trifled, all that is necessary is to suspend a cork ball by a silk thread, and 
then to communicate electricity to it by allowing it to touch the prime con- 
ductor, from which it will receive positive electricity. This ball will then be 
repelled by a body positively electrified, and attracted by one negatively 
electrified(31). There are also some very delicate instruments made for 
this purpose, which are denominated electroscopes y or eleetrometeralSSt), 

Caroline. I do not clearly understand what is meant by electricity by 
induction. It is spoken of, in the books which I have read, as always taking 
place when an electrified body approaches one which is in its natural state. 
There seems to be something in it very difiicult to comprehen(l(33). 

Mrs B, I was about to call your attention to that point, as it is essential 
to the understanding of the mode in which the electrical jar receives its 
charge. We have considered the electrical fluid as being repulsive of itself, 
and as moving with great facility through conducting substances. When 




agency of that ctmtained in the conductor. Your knuckle is thus prepared to 



^. What is meant by insulation? and give the examples. 

29. What is the object of insulating the cushion? 

50. Can the direction of the electric spark be perceived? 

51. How may we discover the state of an electrified body? 

52. What are the instruments called, which are used for this puipose? 
SS, When does a body become electrified by induction} 
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receive the spark, irliicli, if it be taffieientl j near, vill fly to it, in order to 
restore the eqailibriam(34). Whenerer a body positirely electrified h 
made to approach another ia its natural state, it always occasions, or indueeff 
the contrary or negati?e state in the latter; and it is Uierefore said to be eleo> 
trifled by indueHofif whilst the former was electrified by commnnication(35). 

Emily* It seems strange that a body should become electrified without 
either losing or receiving electricity; as, if it does neither the one or the 
other, it must still possess its natural share. 

Mrt B. Tour objection appears natural, but still I think that by ealling 
caloric to our aid, for the purpose of comparison, it will be easily obviated. 
If you take a bar of iron, and reduce the temperature of one of its ends 
ten degrees, and heat the other in the same proportion, will its absolute 
quantity of caloric be changed(dO)? 

Caroline, Certginiy not; and I now think that I see through the mja* 
tery. The repulsive agency of the electricity in the charged body eauaes a 
portion of that in the second body merely to retire back; but it would then 
seem that this retiring portion must produce the positive state in the part 
to which it is driven(37). 

Mr 9 B. Your reasoning is perfectly correct, and easily rerified by expe- 
riment. I have here a second conductor, insulated like the prime conductor. 
Upon each end of this I have hung cork balls, and upon placing it within the 
influence of the charged prime conductor, but not sufficiently near to receive 
any of its electricity, both pair of balls will exhibit repulsion; but upon 
testing them w^ shsill -find that those which are nearest to the prime conduc- 
tor are negatively electrified, whilst the more distant pair are in a positive 
8Ute(98). 



Positive, Mg'ative, Pentive. 







[a, Prime conductor of the Electrical Machine, potitively electrified. ^, 
a second insulated conductor, with pairs of pith balls suspended at each 
end.] 

Emily, That is ft very satisfactory experiment indeed, and makes the 
wlole perfectly plain. Upon removing this second conductor away, out of 
th^ influence of the machine, the fluid within it will of course again distri- 
bute itself equally, and both pair of balls will collapse. 

Jlfr« B, 1 now remove it, and such you see is actually the case(d9). 
If time admitted I would show you some other very satisfactory illustrations 



34. What occurs as the knuckle approaches the eonduetor? 

35. Upon what general law doea this depend? 

36. By what analogy is this illustrated ? 
'37. How does Caroline explain this effect? 

38. By what experiment is this fact exhibited? 

39. How may the repelling balls be made to eoUapie? 
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of this fact; but ve mnat h»ten to the eipknttiOQ of the Lejdea pbi*l, M 
called irom the tlUeoTcr; of it hiring been made atLefdea. A gli» battle, 
or jar, is Bovered both within and wiibout, with ametalliD coating, ifaobiDg 
to within two or three inchet of the top, where the glaia ia left bare, lo that 
there i» no eonduotiog eommnnication between the iniide and the oatiide. 
Throngh the neek of it paiiea a bran wire, whioh touobei the iaiide coat- 
ing, and hating- a knob at ita outer eitremitj(4D]. If I present thi< knob 
to the prime oonductor, the electrio Quid will be conducted down tbe wire, 
and diatributed aier the inner surface of the glui by means of the metallia 
•oaling; a large quantity of the fluid can be thus accumulated, bo as to giie 
»h»ti» called a »hoek(H). A number of such jars united together form 
«hat is called an electrical baMers{i2). 

CaroUns, Thenthe jar iichai^d by eommuQicntion. From your preri- 
Ona remarks I had snppoaed that iodaction was in some way eoneeined in 

Mri S, Ton will find that the aeenmulation depends entirely upon in- 
duction: one or two sparks would otherwise cause the jar to be as highly 
charged as the conductor, and it would therefore be as much inclined to re- 
turn what it bad reeeiTed, aa to receivea larger portion. Glass, as well ■• 
Other bodies, isbelieTed to contain, naturally, a large quantity of eleelrici^. 
When an additional portion paaseiinio the jar, it acts by its repulsive agensj 
through the gl a 19, anddriieaolT from its outer lurfacean equal ijuantity of that 
which was naturally contained there. One aide Ihua becomes negstire byinduo- 
tioD.whitstthe other beeomespositire by communication. Succetsivc portions 
are thus received, until no more can be expellee! from the outer surfuee(43). 

Eialls- It would follow from this explanation that a charged jar, like the 
eondijctor with the two pair of balls, oontaiued no more electricity than it 
did before it was charged(14). 

JUra B. And inch is the theory proposed by Dr Franklin, and received 
by Uie greater number of philosophera. One side is positively, and the 
Otlie^ negatively eleotriBed, and the interTention of the glass prevents the 
restoration of the equilibrium. Sometimes however the toroe ofihe chai^ 
vill be such as to cause it to perforate the glass, making a hole through whisb 
thefluidisdischarged. The ehargeoflhe jar - 
■will, of courae, pass through any conducting 
bodywhich forms a connexion between iti 
two sides. After eharging thia jar, I plaee 
one of the knobs of a discharging rod ngainat 
theontaide coating, and cause the other to . 
approach thewireeonneetedwiih the inside. 
The fluid leaves the iniide, passes along the 
wire to the outside, and the eqoilibrium is 
thus restored(45). | 

CaraSnt. And if I take the jar in one 
hand and then touch the knob with the other, 

the fluid passes throngh my arms and ohesl, [Electrical jar, or Leyden pbial 
and I feel the shoek(*6). I have frequently with a discharging rod.] 
done this, and knew that it was necessary to touch both sides of tbe jar.bnt 
did not nnderstand why it wai so. How wonderful ia Ihii fluid, and how 



40. What is the atruetare of the I«yden, or eleetrical jar! 

41. In what way is it made to receive the elestriD Bold? 
43. What is meant by an electrical battery? 

43. Give the general explanation of the charging a jar. 
41. What is said respecting the quantity of fluid in a ehar| 

45. Whatis themodeofdiaebar^ngajar, and whyf 

46. How may tbe ahtwk be made to pass through the armi 
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interesting the study of it ! I shftU never agftia Tiew experiments performed 
with the electrical machine as a mere thing of amusement, hut shall trace the 
motioift of the fluid, as I now do that of caloric, in changes which nerer be- 
fore engird my attention. 

JEnuhf, Pray, Mrs B., why is a jar or phial used; a bottle cannot be ne» 
eessary to contain the electric fluid in the way in which it contains water? 

JU^s £, The form is a mere matter of conyenienoe* A flat pane of glass^ 
properly coated with tin foil on each side, is equally effective, but is more 
eastty broken, and not so readily handled, and is therefore seldom 
ased(47]. 

I have spoken of friction as the means by which electricity is excited; but 
you are not to consider this as the only means. It appears to be brought into 
action by every chemipal change. The mere contact of two different metals 
produces it; bodies become eleclxified by mere heating and cooling; evapora- 
tion and condensation also excite it; and it is probable that upon this circum- 
stance depends the magnificent phenomena of lightning and thunder, which we 
so feebly imitate in our electrical experiment8(48). The clouds formed by 
thepartial condensation of the exhaled vapoyurs frequently become surcharged 
vm. the fluid; this induces the contrary state in the eartb beneath it, and the 
electricity flies from the cloud to the earth, exhibiting a vivid light, and caus- 
ing those sounds which we call thunder, and which is the noise occasioned 
by the discbaixe, re-echoed again and again from the earth and distant clouds, 
ontil losfin Um,di8tance(49). 

MmUy. The air I suppose must be a non-conductor, or it would restore 
the equilibrium as fast as it was disturbed. 

Mrs B, Were not the air an electric, we probably should know nothing 
of the phenomena of. electricity. In thunder and. lightning it acts the pai^t 
of the glass in the Leyden jar: the cloud may be considered as one coating 
the earth as the other, whilst the air intervening completes the resemblance. 
The discharge takes place when the intensity of the charge is such as to 
enable it to overcome the obstacles presented by distance, and the resis- 
tance of the atmosphere(50). 

You have now learned enough respecting common electricity to be able to 
pursue the subject alone, and we must hasten to that of Voltaic Electricity^ 
or GtUvanismf which, although of very recent discovexy, has so powerfully 
aided the chemist in his researches, as almost to have produced a revolutioo 
in his science. We will enter upon this subject to-morrow. 



47. Is it necessary that ajar, or bottle, should be employed? 

48. By what means other than friction may electricity be exited? 

49. How is the production of lightning and thunder explained? 

50. Is the air a conductor, and what is its influence in lightning? 
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I CONVERSATION IX. 

r » 

OIJ VOLTAIC ELECTRICITY, OB GALVANISM. 

i 

Ditcoveries of Galvani. Diacoveriea of V^Ua, Pile^ Trough, and Cou» 
' ronne dea tosses. Motors of Electricity, Action of Acids on Metals^ ap» 
pHed to the Trough. Opinions of VoUa, WoUaston, and Davy, Dr Harems 
views. Calorimotor, EtectrO'Magnetism. T^hermo^Magnetism. 

CaroKne. I belieye, Mrs B., that tlie diseoyery of Galvanism, whieh we 
are to discuss to daj, was altogether aceidental; at least I hare seen it M> 
stated in some accounts of it. 

Jifrs B. And such is the case, to a certain extent, with almost everf im- 
portant discoTery. There is, however, frequently a want of justice in as* 
cribing ^sooreries to accident. Thousands of persons might have witnessed 

[ the fact noticed by Galvani, who would have considered it as merely a cuii* 
ous circumstance, and would have pursued it no further. Discoveries are 
made in the mind of the discoverer. It is the inquiries and researches sug- 

:, gested to the man who possesses intellectual aeuteness, and is in the habit of 
patient investigation, which give to facts their yalue, as it is by these that 
^ their influence and connexions are ascertained. 

Galvani was a professor of the university of Bologna, and about the year 
1790 was engaged in a series of experiments with a yiew to prove that mus* 
eular motion was intimately connected with electrical action(]). Some 
dead frogs, intended to maliLe soup for his lady, who was in ill health, were 
lying upon a table near an electrifying machine. A student, in the absence 
of Galvani, was amusing himself with the inatrument, and noticed that eon* 

^ yulsive motions took place in the muscles of one of the frogs, when touched 
by a piece of metal. This was observed, and communicated to her husband 
by Madam Galvani, a lady of great intelligence. A series'of experiments 
was instituted by Uie professor, who thought that the facts which he ascer- 
tained lent powerful aid to the theory that he had adopted(2). He soon dis- 
eoyered the means of exciting these contractions at pleasure, by merely 
using two wires of different metals, independently of the eleetrieal machine^ 
He id%erwards published his discoveries under (be name of ammal ele9tri» 
city{3). 

Emily. If the contractions were produced by electricity, I do not see 
why two different metals were necessary to excite tliem; but I suppose that 
the mode of applying them will explain the reason. 

Mrs B. The discovery of the true theory of the action of the metals 

L was reserved for the celebrated Signer Volta of Italy, who was of opinion 

[ that the electricity did not exist in the animal, but that it was excited by 
the contact of the two different metals, was by them communicated to the 
muscle, and occasioned the convulsive motions, just as they may be produ- 
ced by the ordinary machine(4). The sense of taste, and frequently that of 
tight, may be very readily brought into aetion in this way. I haye here a 



1. Who was Galvani, and what was his pursuit at the period named? 

S. What were the circumstances attending the discovery of Galvanism? 

9. How did he* excite muscular contractions? 

4. Who discovered the true theory of tiie aetion of two metsls? 
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dollai% and a pieee of zine about the same size, bj vbichyou can try the ex- 
periment If you place the piece of silver upon^ and the zinc under you^ 
tongue, and let the two metals project so that you can bring their edges into 
contact, you will, upon so doing, experience a very peculiar sensation. 

JEmily. Indeed I did; -what a strong metallic taste, and I think something 
like heat; but I cannot describe it. 

Jl^$ J9. If you place one of the pieces between the gums and the upper 
lip, .the other between the gums and the lower lip, then dose your eyes, and 
let the metals touch, you will perceive the sensation of a flash of light. Thers 
are some persons, however, to whom this is not visible(5). 

CaroUne, In what way is the contact of the two metals supposed to pro- 
duce this effect, and is it peculiar to silver and zinc^ 

Mrs B. By no means; any two different metals will produce it in some 
degree, but silver and zine are among the most effective. Copper and zine 
however are usually employed, and answer perfectly well(6). If a plate of 
copper and another o^zino be insulated, by furnishing them with glass han- 
dles, and they then be brought into contact by their flat surfaces, it will be 
found on separating them that the copper will be negatively and the zino 
positively electrified( 7 ). It appears therefore that wh£n two different metals 
are brought into contact, one of them has the power to abstract electricity 
from the other, and thus to become positively electrified, whilst it redu- 
ces the piece with which it was in contact to the negative state(8). The elec- 
tricity from a single pair of plates is but feeble, but can be rendered perfectly 
sensible by means of a delicate electroscope. From this property Yolta, 
vho was the author of this discovery, denominated the metals motors of elec- 
tricity, and the process electro^motion{^), 

Emiljf* You say that electricity from a single pair of plates is feeblex 
can it be increased by using a larger number, or in any other way? 

J^rs B» Yolta, considering that the zinc had the power of moving some 
of the electricity from the copper.into itsell^ imagined that if this result 
could be obtained through a number of successive pairs, the effect would 
be proportionally increased; and proceeding upon this idea he constructed 
the VOLTAIC PILE, of which he published an account in the year 1800(10). 
This pile he Constructed by taking an equal number of plates of copper, 
of zinc, and of pieces of cloth cut a little smaller than the metallic plates. 
The cloth he moistened in a solution of salt in water; these were piled upon 
each other, by first placing a piece of zinc on a round block of wood, upon 
that apiece of copper, and then a moistened cloth; this arrangement he con- 
tinned— ^ino, copper, cloth; zinc, copper, cloth — untU thirty, forty, or fifty 
of each were piled up. If the pile began with zinc, it ended with copper; 
the electro-motive effect increasing with the number of plates. It was now 
found that the zinc end of the pile was highly positive, and the copper end 
highly negative; and if a iingeik of one hand was placed in contact with the 
lower plate, and the upper plate touched with the other hand, a shock was 
felt very similar to that from the common electrifying roachiDe(ll). I have 
not a pile of this sort, because more convenient instruments, operating upon 
the same principle, have been invented. 



5. Wbat^i^ect may be produced by two metals placed in the mouth? 

6. Is the effect peculiar to silver and zino? 

7. Relate the experiment with two metallic plates. 

8. How are the plates thus brought into opposite electrical states? 

9. What were the substances called which possess this property? 

10. What was Volta's reasoning on the subject, and to what did it lead. 

11. How did Yolta construct his pile, and what was the result? 
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Fig. 1. P^. S. 



[Fig< 1< Z, > plite of ziDo. C, >pUte of eopper, ewih plate beingfiimiibed 
vith k glaii haadle, G, G, to pregerre dieir eleitricitj after aOBtMt 

Fig. S. A, (be itand npon which ihe plUea reit. C Z D, C Z D, pMmt 
of copper and zino, ind diaks of moiatened clotii piled ilternatclf npoB 
each other. G,0,G,G, Adi of j{Imi to mpport flic pile.] 

CartUne. The trangh ihat yon hare apon roar table 1 hare hoard jo« 
eall the roltals battery, and I lappoie it i> to thii whidi 70a allnde a* belnf 
more eonreni est than tbe pile. 




[A troi^ with partitiona, ea«b bnned of a plate of «opp«r and li 



• J 

J£-( p. It ti. A vooden trough U made, and Ihli i> ditlded into edit 
■ by metallic pirtitioni, whieh are Demented firmly iato grooTe* made in the 
\ trough. The metallic partition • are each formed by aoldering together, 
f back to back, a abect of capper and a sheet of line. When theie are ce- 
mented into the traagh, tlte copper aidea are all made to face one *ay. 
The eelli between the platea are to be nearly filled vith vateT, haTUig aome 
nitric, or other acid, mixed with it{12). The reaemblance betreen tbeae 
trongha and the pile muit be obTiooa to yon. 

Endlg. Certainly. The zinc and copper are tbe aame, aeepting that 

^ they are aoldered together. The floid between them eridently lappUea tbe 

t plaoe of the moiatened clothi and the tvo platea atdie enda will, I aappoae, 

be In oppo^te electrical atatea, aa you have told oa U the eaae vtth tbe 

plle(13). 



M conVebsations on chemistry. 

' Jlfr« B. Ter; good. I will now aho« fon (aother arnDgemeot, imad« 
by Volta, vhieh he detcribed in the ume paper- in vhioh he made his pi)« 
kooTO. Asamber of oupa, or glaHCi, are pliced aide by aide, each of them 
•aataioinglhe fluid intended to promote the eleetrio aetion. These eupl 
■re eooaected by metallis wjrea bent in Ihe vaj yoa ate, and hiTing a amill 
plate or line soldered on one end, and a plate of copper an the other. If 
yon observe how the platei are placed in the liquid, you will aee that each 
tHip, excepting those at the ends, hai one plate of zinaand one of copper im* 
meraed in it, in regular serie*. If you dip a Enger of each band into th« 
extreme eupa, aabock viUbe received. Tbii arrangement Volta denonunat' 
«dthe Cauranne det Tauet{H). 

Ceuranne dti Taitet^ 



C, plates of copper. Z, platea of zinc. 

CaraBne, How pungent the aenaation, yet I do not think it half ao unplea- 
MDt as one of equal strenglb from the elecfvifying machine. I do DOC aes 
why the name of couronne waj given to this arrangement. 

Mrt B. When the cups are numerous, in order to bring the two end 
ooet Bsxe to each other, tbey are uaually so placed as to Ibrm a circle; it was 
thin arrangement which suggested the niime(lS). There is another very 
convenient moiie of coaatruciing the trough, or battery, as it is frequently 
oalled, which has many advantages, and uliich jou will perceive strongly 
resembles the cauroniif ilct tattet. The trough is made of earthenware, d> 
Tided into cells tiy partitions of the same material. The plates oC capper 
and zinc are connected together by a stiip of metal at the top only; so that 
both aides of eaeh plate may be exposed to the action of theSciil. The 
pairs of plates set like saddles upon Uie earthen divisions, the caflper being 
in one cell, and the zinc in another. All the plates belongingto one trough 
may be tastened to a strip of wood, by whioli they may readily be taken out 
of the solution conuined in the cells, and the action of the acid he conse. 
quently suspended until they are replaced. There is, as you lee, in thin 
trough a oontriianoe for banging the plates over il(l6). 

Yakaic Baiters, the Trowgh of Earthenware, mth the PIntet out t/ihe CelU. 



H. Detcribe the arrangement called the 

IS. Why did this apparatus receive the name of 

IS. DcMribe (be trooth which reaembUt the — 
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JSnilg. The amngeineBt )n eaah uaa la tninlreitl]' limilu'i bat bow tlia 
tleclrv-riotive [Kiwer opentet through the plitei in prodaeiug the oppouts 
cleatricitjei, ti whit I do not andentuid, ind hope j-on will eipltin. 

•IT'i B. Ydq must keep la mind whM we hsTe nid npon the inbjeet of 
theory, t,ai eipect but little in Ihii wiy. Voltk attributed the whole e^ct 
to the electra-motiTe power of the meUlat but it ii found that when the flnid 
qied eontaini an acid which will corrode and diitolre one of the meUlt, 
the power ii verj (greatly inereased. It appears, therefore, that in thii cue 
sla^ portion of the effect reiolti &om chemical action(17}. 

Thia drawing ahowi a section of li part of the trough, ^e eonatrtislion being 
.».i_i.!_j. will lerre to giye jou a general idea of 

Section of the Vottaic battery. 



VoIU'a' theory of the action of a ■, 
trnmber of pairs, is merely an exten- 
iion of the action of a single pair. 
The lino plale 1, being in contact 
With the copper plate 1, will deprlTB 

, thelatterofaportionofitseleetricity, 
■nd will beoome powtiyely eleotri- 
* fied. TbesatneactionmuateTidenlly 
lake place in each of the other pttirfl, : 
8 3, S S, and 4 1. The interpoaed Buid, ' 

wbich is an imperfect condaetor, will trensmit from the positlTS line plate 
1, a portion of its e](ceis to the negstiTe copper piste 2, which had already 
eiren B part of ita own to the line plate 3. Tliia will then, from the eleclro- 

f motire power, afford an inoreased portion to the lino plate S, the electrical 
lUle of which will be proportionally eialted. The same reasoning wilt 
apply to the plates S 3 and 4i, so that the clectHeal energy will inereaa* 
, with the number in the «eries(lB). 

> Caroline. The eiplanation, upon the whole, seema to me cle#, but I do 

not see why the electro-motiTe effect of the subsequent a«|fiea should ha 
greater than that of the first pair, as it ia an inoate power in each, andariaei 
from the tendency in the copper to give a part of ita natural ibare to the 
aino. That each mnal thas become clectriBcd is plain, but I should hara 
' anticipated that they would be so In an equal degree(19). 

JIfri 3. The terms neg^atiTe and positire, to borrow a aimile again from 
caloric, may be considered, like those of hot and cold, to be relative onl^. 
A body at a given temperature may be hot when compared with one body, 
but eold when compared with anoUier. Suppose a plate of copper to bars 
an excess of electricity conimunicaled to it, and to be brought into contact 
with a plate of zinc, then, from the tendency of thia fluid to an equilibrium, 
one half of the excess would go over to the lioo; but the eleatro-motiva 
power of the metala remaining unchanged, another portion would be com- 
municated to the line from thia cause(90). 

I Endlfi. It would seem in this case as though a constant cnrrent of tha 

y fluid would be kept up as long as the instrument lasted, as this electro- 

' motive power must always continue the same. 

17. What is necessary to a powerful effect' 

IB. How, according to Volta, is the electricity accumalated.' 

19, What objection does Caroline urge to the theory? \ ', . , 

90. By what reaaonii^ is tbiaobjeotioo obtLated^ v ^ ;'.' 



I 
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JMr* JB. If wires be made to connect the oegatire and positive ends, fpene- 
rally called tlie polet of the batterj, a constant current vill be kept up; bot 
if this eonoexion be interrapted, the plates acquire a certain degree of eleo- 
trieity, and then the action must necessarily cease(2i]. You mast not sap- 
pose, hovever, that under any circumstances this aeuon woald be perpetuaL 
St is a falKt that immediately after a pile is pat together, or the fioid supplied 
to the cells of a trough, the action is the most energetic; but it soon percep- 
tibly diminishes, and at length becomes extremely feeble, or altogether ex- 
tinct(22). 

Caroline, But that does not accord with the theory, 

JUr* B, It accords, however, with the /act, and you haye not already for- 
gotten to which of these the greatest importance is to be attached? I haye 
informed you that to obtain energetic action, a fluid must be used which 
will corrode and dissolve one of the metals; and the power of the trough 
depends in a great degree upon the strength of this chemical action. The 
theory of Yolta is therefore defective, inasmuch as it takes no account of 
this circumstance(23). As you are not yet acquainted with the nature and 
action of the acids, and of the other agents employed, the information whidi 
I can give you at present must be very limited; but, as the voltaic battery is 
a most powerful instrument in effecting decompositions, we shall have occa- 
sion to revert to it hereafter, more, however, with a view to exhibit its ao* 
tual power, Uian to theorize upon its nature. 

EnUly. If an acid is used and the metal is dissolved, the apparatus itself 
must at last disappear, and the copper and zinc both be lost. 

Mrs B' Recollect that an acid, if it has an affinity for several different 
metals, possesses it for them in different degrees; and that, in consequence, 
one may be made to displace another which is held in solution. If two 
metals^ either of which would be dissolved in an acid if put into it alone, 
he placed there together, it will ad upon that to which it has the strongest 
affinity, whilst the other will remain nearly unaffected(24). The acids ge- 
nerally have a much stronger affinity for zinc than for copper, and the zinc 
plates of the voltaic trough are consequently made thick, or they would soon 
require Tenewal(25). 

JE^flu/j/. tf Certainly if the zinc would separate the copper after it had been 
dissolved, it if ay well have the power to prevent its solution. This appears 
a necessary result, although I do not pretend to know any thing of the cause. 

Carotine, I think, Mrs B., as this kind of chemical action which takes 
place between acids and metals, is so intimately connected with that of the 
voltaic battery, you might, perhaps, by your happy mode of explanation, ena* 
ble us so far to comprdiend it as to aid us in the present inquiry. 

JkErt B, This I intended, and your anxiety upon the subject is a fair 
omen of success. We have only to anticipate a part of the subject of our 
next conversation, which will embrace oxygen^ a principle entering into the 
composition of the greater number of bodies. The air we breathe contidns 
0xygen, and derives from it the property of sustaining life and supporting 
eooihastion. It is one of the constituents of water, of which it forms eighl 
parts out of nine. It is the principle which communicates to most of the 
acids their sour taste, and their other general properties. It is that which in 
a damp place unites to iron or steel, and converts it into rust, or what the 



f ], In what way is a continued current maintained in the batteiy? 

82. Will the action continue undiminished? 

83. In what point is the theory of Yolta defective? 

84. What will follow if two different metals be put into the same acid? 
8^. What reason is there for making the zinc plates thicker than the 
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ekemitt denomiaatei the oa»<fe of iron; and ialike mtnner it mar be made 
to unite vith all the metals, to some oif which, as to iron, ithas a yery stroi^ 
aiBnity, whilst for others its attraction is feeble. In jEaot the ennmeratioii 
of its habitudes would aloyst exhaust the subject of oheml«ti7(3d). 

Emily, I have long b^i familiar with the name, and had some vague 
idea of the nature of this same oxygen, and am glad that we are so soon to 
be introduced to a personage so extensireljr connected; but lam rery appre- 
hensive that 1 shall never become familiar with all his relations. 

J^8 B. When a metal is dissolved by an acid, it is first converted into 
an oxide, and it is this oxide which undergoes solution(S7). The oxygen is 
derived in some cases from the acid, and in others from the water with which 
the acid is mixed. A solution of zinc in an acid is, therefore, strictly speak- 
ing, a solution of the oxide of zinc, and a solution of copper, a solution of 
the oxide of that metal(2S). 

Copper and zinc are uniformly employed for galvanic arrangements, be- 
cause there are no two metals equally energetic and cheap; but various other 
combinations will answer the purpose, .and in all cases it is the most oxidi- 
zable of the metals which forms the positive pole of the series. Thus when 
copper and zinc are used, the zinc becomes positive, and the copper nega- 
tive; but with silver and copper, the latter would form the positive pole(S9). 

Caroline, Since such important changes are taking place both in the 
fluid and in the metal, I can very well believe that they must powerfully in« 
fluence the electrical action which results from the eleptro-motive power. 

Mrs J3, The late eminent Dr Wollaston was of opinion that the evolu- 
tion of electricity was caused entirely by the chemical action, ui^ing in sup- 
port of it the fact that they were proportionate to each other. When water 
alone is used in the cells, the zinc is slightly and slowly oxidized, and a 
Very minute portion of electricity is disengaged. When salt and water are 
employed, the oxidation and the electricity are both increased; and when 
acids are employed, the development of the fluid keeps pace with the ra* 
pidity of the oxidation(dO). This theory, you perceive, neglects the electro- 
motive power of the metals altogether, which, as it does exist, seems to 
elaim a place in the account(31). Sir Humphry Davy thou^t that the ex- 
citement was commenced in the electro-motion, but was continued and aug- 
mented by the chemical action(33). 

Oxygen and certain analogous substances are always attracted towards 
the positive pole of a battery. They are therefore called electro-negative bo- 
dies, as their natural electrical state in their relationship to other bodies is 
believed to be ne|^tive, and they are therefore attracted by such as are 
electro-positive, jfke electro-positive bodies are distinguished by their being 
attracted towards the negative pole of the voltaic battery. This latter is a 
very large class, including all the metals, and those substances usually call- 
ed inflammable8(33). These are very important distinctions, and are fre- 
quently adopted as the foundation of chemical olassification(34). 

Emily. Then 1 suppose the oxygen, which is negative, is attracted by 



S6. What is said of the combinations of oxygen? 

fif . What combines with a metal in order to its being dissolved by an acid ' 

58. How does it obtain this oxygen, and what is said of certain solutions' 

59. What is it that determines the positive and negative poles ^ 

S(f7 What was Dr Wollaston*s opinion respecting the chemical action? 
51. This theory neglects an important fact, what is that? 
58. What did Sir Humphry Davy suggest on this subject^ 

33. How are bodies denominated, as regards ekeiric attcactions? 

34. What is said of these distinctioni? 

18 
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tfie citto, nAack it pontive, and thai tkii is a printipal emte of ^ir eomU- ^ 

luUioii(85)> 

•Mfrt B. This appeiri to be intimatalj eoneenied in their union; and with- 
out admitting the suggestion of Sir Humphry Davr, that the differenee in the 
clectrieal states is &e cause of chemieid affinity, it is plain that it exerts p 
powerful iniluenee. 

The theory of Sir Humphry Davy supposes that the primary action of the 
series depends upon the electro-motire power by whieh the plates are reeip* 
roeally rendered positive and negative, and that the efieet of the ehemiod 
Action is to restore the plates to the natural state, so that they may repro- 
duce a fresh portion of the fluid by their electro-motiTe power. Suppose 
the acid in the solution to be a compound of oxygen, which is electro^nef^t^ 
tiroe^ with a base which is ehetr^^poMiive, the oxygen will combine with the 
sine, which has been rendered positive, and thus restore it to its natural 
•tate; whilst at the same time the ether constituent of the acid which 
is eisetro-potitive will be attracted by the copper, and restore it also to 
the natural state. A new portion of the electric fluid will then be produced 
by the action of the metals upon each other. I have been compelled te 
describe these effects as taking place alternately, but you will understand 
that they must be simultaneous(a6). 

Caroline* Although there is a good deal of intricacy in all this, I think 
that with a little reflection I shall understand it; and, at all events, I like i 
because it seems to do justice to Yolta, as it still leaves his theory whole, 
and only makes some addition to it. I confess that I like better to hear the 
pile and the trough called voltaic than galvanic; for whatever might be the 
merit of Galvani, Yolta was the true discoverer of the nature of the agenty 
as well as of the apparatus by which it is exhibited. 

Jtfrt B, I have thought it right to give you these ingenious speculations, 
which, as they proceeded from individuals who were luminaries in science, 
are well worthy of our attention, and are calculated to gratify a laudable 
•uriosity. 

EmUy. Although there is certainly considerable analogy between gal- 
vanism and electricity, they yet seem so different in several points as to 
leave some doubts of their identity. In damp weather the electrifying ma- 
chine will not act, as you have often told us, because the moisture conducts 
off the fluid; yet your trough is filled with moisture in order to excite it into 
action. 

J^§r9 B. There are so many strong proofs of the identity of the two as 
to leave no doubt upon the subject. A shock very similar to that from the 
eommon electrifying machine is g^ven by the voltaic anangement. The 
lame substances which conduct the one, allow a passage to the other. A 
number of individuals by joining hands will umultaneously receive the 
ihock from either. Brilliant sparks are afforded from each, accompanied 
by a snapping noise. They produce combustion in the same articles. By 
proper management they effect similar chemical changes. The resulting 
attractions and repulsions are alike; and a common Ley den jar may be 
•hai'ged by the voltaic battery, the charge being exactly similar to that from 
the common machine(S7). 

CaroUne. This is indeed a formidable list of reserabJUmees^ and the eri- 
denee it affords is irresistible; still, as Emily says, it aeems strange that the 
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35. What influence has this on the zinc plates? 

S6. What are the promineat points in levy's theory? 

87. What proola are givea of the ideati^ of the gahanie and eleetrie 

■ S«1at 



fluids 
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•etioB conlm«et in the nudit of vftter and aMUlf, wkieh are g^d aondiM* 
tors(d8). 

Mrt %, The eleetrie ilttid, like ealoric, appears to eziit under different 
modifications. Calorie yott know passes slowly along^ eonduotors, biU 
aaoves with immense reloeity when radiating^ from the sun, or from heated 
bodies. The solar heat passes readily through glass, whilst that from our 
fires is arrested by it, its projeetile force appearing to be less in the latter case 
than in the former. The electric fluid in like manner possesses but little pro- 
jeetile force, or intensity, though disengaged^n large quantity by the voltaic 
apparatus. Water and most other fluids are but imperfect oonductors of elec- 
tricity, and may detain it therefore when its intensity is but small; althou|^h 
they will conduct it off from the oommon machine, whence it has a great dispo- 
sition to escape. In eonsequeaoe of this want of Intensity, the spark from • 
powerful yoltaic battery will strike at a yery small distance only; and it be* 
eomes necessary to moisten the hands in order.to take a shock, it not haying 
•uifteient force to oyercome the restatanec of the dry skin(d9). 

EmUy^ You haye told us that the strength of the shock is in propcwtioB 
to the number of plates ; but haye said- nothing respecting their siae . Aa yott 
enlarge them the quantity of the fluid must of eourse be increased. 

Mrt j9. It is a remarkable fbct, that although the quantity of the fluid it 
increased by enlarging the plates, yet the power of the shock remains the 
same(40). This increased quanti^ howeyer produces most brilliant com* 
bustioAs of the metals, and of other inflammables(4l). By increased num- 
bers the intensity is increased, and upon this the force of the shock dependsf 
hut in burning the metals, what is principally required is a large quantity, 
and as they are good conductors, &e fluid will pass through them, although 
Its intensity may be yery low(43). 

From the fact that when the plates are large in size and few in number^ 
tike electrical effect is feeble, and the ealorifie, or heating, strong, and that 
when the number is great, and their dimensions small, the reyerae is thn 
ease, Dr Hare of Philadelphia has drawn the eoadusion that the galyanin 
fluid is a compound of electricity and caloric, and that one or the other 
power preyails according to the nature of the apparatus employed. He hat 
giyen to the science some powerfid instrumienttf, particularly one which he 
denominates the ceUori-motory intended to exemplify the justness of his eon* 
elurions(4d). 

Caroline, In what way has the Tottaie battery so powerfully aided thn 
chemist in oyercoming chemical attmaCaon, and eenaequently dBfeeting de» 
compositions? 

Mrs B. It appears that there isav general a difference in the electrical 
state of bodies as there is in their capaeities for caloric; that in compound^ 
tiberefore, the bodies wfaioh are combined are negative and postttye in theur 
relationship to each other, and that they will consequently be attracted to» 
wards tiie opposite poles of the battery. This attraction may be made mem 
powerful than chemical affinity, and hence it fellows that when a compound 
Is placed in the electric circuit, its constituents wiU be separated, one por* 
tion going oyer to the negatiye, and the other to the positiye pole(44). Tfan 
particular manner of proceeding will hereafter be shown to you; but wn 



98. What cireumstao'^e seems to militate against this identity? 

J9. What is urged in reply to thla objection? 

iO. Is the shock increased by enlarging the plates? 

41. What effect is produced by such enlargement? 

48. What reason is giyen for this increased peir«r ef combustion > 

43. What is Dr Hare's theory, and what itostifMnent has he inyented? 

44. How does the Toltaie batteiy eteiremne afllnity? 
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mast wait nntil ve mtrire ftt fhe sabstaneei to be acted upon, in the regular 
progress of our studies. 

I might describe to you several modes of oonstmeting the yoltai Aattery, 
but must leave tkem as objects of inqnirj for yourselves hereafter. I ahi^ 
not however dismiss the subject without some notice of the remarkable dia- 
eoveries which have been recently made respecting the intimate connexi(m 
irhicb exists between electricity, heat, and magnetism,~-diseoveries wbich 
go far towards justifying the opinion that they, and probable light also, aie 
all modifications of tke same ferial matter, and have even been thought to 
promise some insight into the nature of the planetary motions them- 
8elves(45). * 

Caroline, That will be delightful. We may then make little worlds, and 
set them revolving round each other. I am impatient until 1 know how this 
may be done. 

( Mrs B» I hope, my dear, that your impatienee may not continue until 
you acquire tliis information, or I fear that it will be permanent This is a 
mere speculation of some warmly imi^inative philosophers, who hare re- 
lated their waking dreams. At present I can only narrate a few facts to you, 
and exhibit two or three very curious experiments, with respect to which I 
have not a word of theory to offer, and shall make no conjectures. It is a i 
subject which engages the attention of the most scientific men, from whose 
united labours important discoveries may be reasonably expected. 

Emily, Then we must be content to be observers only, and not inquirers. 
I will endeavour to play my part well; what say you Caroline? 

Caroline, I well know that I shall find it necessary to use the curb, aod 
shall Tery willingly put it on. The lessons which I have received have not 
been entirely lost upon me; for although I like as well as ever to learn how 'i 
certain effects are produced, I perceive most plainly that all valuable infoi^ ^ 
mation of this kind must be derived from observing and comparing togeth^ 
a great number of facts. It would be extremely unreasonable, therefore, to 
expect a satisfactory theory respecting any new phenomenon before time has 
been allowed to investigate it thoroughly. The world had existed for thou- 
sands of years, and the effects of gravitation had been witnessed by every 
one, yet the discovery of it, as pervading tlie universe, was reserved for 
Newton. 

Mrs B, The name of Electro-Jtidgnetism has been given to this new 
branch of inquiry. The terms thermo-magneHim and thermo-electricity are 
also applied to some <^the phenomena, according to the powers which 9^ 
pear to be principally engaged in or developed by them(46). 

When this poles of a voltaic battery aife connected by a wire extending 
from one to the other, an uninterrupted current of the fluid passes through 
it. If a magnetic needle be placed near this connecting wire, it will be mada 
lo deviate from its neural position, and to point in various directions, ae- 
oording to the mode of conducting Uie experiment; thus it may be made t» 
point east and weat^ instead of north and south. The connecting wire is 
aae of platinum, a metal not oxidised by the electric current, nor, under 
ordinary circumstances, affected by the magnet(47). After this apparent "* 
attraction had been discovered, it was soon ascertained that, the action of 
the connecting wire upon the magnet was not owing to a mere attraction ex** 
isting between them, but to a tendency which they have to revolve round 
each other (48 )» 



45. What is said respecting the imponderable agents? 

46. What new terms are employed to designate their action? 

.47. What peculiar action exijits between the voltaic battery and a magnet^ 
;48. What is the tendency of the magnet and of the wire? 
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CaroSne. I think, Mra B., that the aeeoiuiti vhkh b»e«iipe>Ted of the 
nugnetiam of a Dompait-Beedla oo boHrd a ship having been rsTeraed bj > 
•troke c^ lightniog, ibow that there ia )ui inluaMe oODBeiion between theae 

' Jlfri B. There are aeiend amh aeoaunta. Needlea have had their 
polea reversed, their nugnBtiiin aometinieB deitrayed, and at olhera dam* 
mnnicated bj lightning, and the Mme baa been done both bj commao and 
TOlUio e1e<striBi(j(i9). 

Thia little inatmment will exhibit the rotator; motiOB of a wire roandthe 
pole of a magnet. A sup ia made of two cylinders of aheeC copperi the 
outer one about two inohea in diameter, and the inner about one inch. Theie 
hare a bottom b; w\ich they are eonneoted together, but which doea not 
erota the in^er ejlinder, that being op« below aa well aa aboie. This 
formi a cup for eouUiaJog a dilated acid between the two cflinders. To the 
inner ejlinder a copper wire ia aoldered, whioh forma a bail connecting the 
Oppoaite Bides. From the centre of thia bail a point projects downwarda, 
uponwhichitaan freely turn apoD one of Uie polea of a atrong magnet. A 
teoond ejlinder or tube of sheet zinc, about me indiMid a half in diameteri 

ItutrumenI /or Electra-ma^Ttea'c 



[c, wire supporting the tube of zino. 
£,the eopperveaael, anpportedbj 
the wire a. d, (he miignetpaaaing 
fcongh the inner ejlinder of the 
copper Teasel.] 



and left open at bolh enda, ia anipended bj a aimilsr hail, la jon Itt; its 
point realing in a small hollow In the Brat vire. Tliia ejlinder of line 
bangs within the oopper cap wlthonl tonching it, and with tiie aorronndiiig 
eopper, and the contained fluid forma a galvanic arrangement. The cap* 
being Buapended upon fine points, revolve with but little fristian(50). 

Emily. Astonishing! thej both begin to revolve, but tarn in reveraed 
direction*. I do not wonder that a bet to extraordinarj shonld for awhile 
pozale the philoBophera. Bat voald notthe eaps rerolve wilhoatthemas- 
Mt, bj the galvanic infloeDee merely ' 
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Min J9. Not at all; it is the combined inflaenee of 
tiie two which produces the re8iilt(dl). I will now 
show you a similareffect without the voltaic cups, their 
absence being cMnpensated by the influence of caloric. 
This apparatus is thence denominated thermo'-magnetic. 
These little wire cages are formed in part of silver and 
in part of platinum; they have each a point by which 
I suspend them upon the ends of this horse-shoe mag- 
net, so that one surrounds each pole. 

When the spirit lamp below is lighted the cages be- 
come heated, and immediately begin to revolve, in con- 
trary directions, and this they will continue to do as 
long as the lamp is allowed to buriv We have here 
the combined action of magnetism, heat, and electri'^ 
city; the latter being undoubtedly developed by the ac- 
Uon of the compound metallic cages. 

Caroline, ■ I must not ask any thing about causes, 
and I am sure that I cannot tell any thing about them; 
but certainly this does appear like a peep behind the 
curtain which conceals the grand arcana of nature, and 
I hope to live long enough to obtain a more perfect 
view(52). 

JUhs B* We shall at our next conversation proceed 
to the consideration of more tangible materials, and to 
matters less abstruse than those which we have had 
upon the tapis to day. I have said more upon the 
subject of electricity than I at first intended; but it has 
become so compl^ely interwoven with the phenome- 
na of chemistry, that we can scarcely stir a step with- 
out its aid, as we witness its influence in almost every 
chemical change, whether natural or artiflcial. 



TherfM^mas^nHic 
apparatus* 
A A 




[A, A, wire cages of 
platinum and sil- 
ver, which revolve 
in opposite direc- 
tions upon the two 
poles of the mag- 
net when the lam]{ 
is lighted.] 



CONVERSATION X, 

ON ATMOSPHERIC AIR, OXYGEN, NITROGEN, OR AZOTE, ^ 

AND COMBUSTION. 

Constitution of Atmotpheric Mr, Simple Gatet, Vapours, Distinctive 4 
Properties of Oxygen and J^trogen, Combustion of a Candle in Atmos^ 
pheric Air, Lavoisierian Theory of Combustion, Its defects. Fixed and " 
Volatile Products. Oxygen discovered by Priestley, Hovt obtained. 
Pneumatic Cistern, 

Mrs B, To day we shall examine the chemical properties of the atmos- 
phere, and of the two simple gases of which it is composed. 

Emily, I always thought that the atmosphere was a very complicated 
^id, composed of all the variety of exhalations from the earth. 

JIfrs B, These various exhalations are contained in the atmosphere, but 
must be considered as accidental mixtures, Uke the heterogeneous suhstaiv- 
ees dissolved in water, which fluid we never find in a state of absolute purity. 



51. How do the cups revolve, and what proves the action of two powers? 
$%, Will you describe the thermo-magnetic apparatus > 
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The essential ingredients of the atmosphere are oxxexir cu.s and l^iTAOfilB 
BA%, or axote(i). 

Emily. Fray tell me in what respect otr and ^a« differ from each other? 

J^rB jB. Strictly speaking th^y are synonymous terms, hnt in common 
language when we speak of air we mean the atmosphere, no other species of 
ur having been formerly known. When the airs were found to be nume« 
rous, the term gas was adopted as a generic one. Any fluid which remains 
permanently elastic under atmospheric pressure, at every natural tempera- 
tare, is called a gas(S). Oxygen^ nitrogen^ and some others are sometime! 
called simple gases, because they contain but one bascy there being some 
gases which have two or more baaes^S), 

Caroline, I do not understand this acceptation of the term base. If a gas 
is simple, it must consist of one material only. 

Jlfr« B, By a bate toe taean the principal ponderable material ■which ej»- 
terrinto the composition of a body, and upon which its characteristic proper^ 
ties depend(^). The term gas at once indicates the presence of caloric, as 
necessarily as do the words steam and vapour. Oxygen gas is a combina* 
tion of oxygen with caloric, and nitrogen gas of nitrogen and caloric. Ozj" 
gen is the base in one case, and nitrogen in the other(5). 

JEmily, Then the .only difference between a vapour and a gas would ap- 
pear to be the temperature at which they are converted into liquids or into 
solid s( 6). 

Jlfr« B. Precisely so, and many of them have actually been rendered 
liquid by the united influence of cold and of great mechanical pressure. It 
appears perfectly fair, therefore, to consider the gases as being the vapours of 
liquids which are so volatile that their boiling point under atmospheric pros* 
sore is lower than any natural temperature(7). You must therefore never 
expect to see the bases of these gases in their simple state; for when disen* 
gi^ed fcom any solid in which they are combined, they instantaneously be- 
come gases; because there is no natural reduction of temperature at which 
they do not find caloric enough to convert them into that form (8). 

Caroline. In what proportions are the two gases contained in the atmos- 
phere? 

Mrs B, The oxygen gas is generally estimated at a little more than one 
fifth. One huudreidl parts by measure of atmospheric air have been said to 
contain twen^-one measures of oxygen and seventy-nine of nitrogen. Some 
eminent chemists, however, think that twen^ of the one to eighty of the 
other may safely be set down as the true pro^ortions(9]. 

When separated from each other, as you have already been iffiformed, 
their qualities are found to be totally different. The nitrogen will not sup- 
port combustion or animal life, whilst in the oxygen every combustible burns 
vith greatly increased splendor and rapidity. Animals also will live longer 
in a confined portion of it than in the same bulk of atmospheric air, and 
for a time, appear to experience a pleasant stimulus(lO) 

Caroline* What a pity that there should be but one-fifth of oxygen ia 



1. Of what does the air of the atmosphere consist? 

% What do we intend by the terms air and gas? 

$, When are airs or gases denominated simple? 

4. What is meant by the term bctse? 

5. What does the term gas indicate, and what are its examples? 

6. In what do vapours and gases differ from each other? 

7. What proof is adduced of the analogy between them? 

8« What is the difficulty in procuring the bases of the gases? 

9. In what proportion are the two gases contained in the atmosphere? 

10, How are oxygen and nitrogen distinguished when separate? 
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the air. If the xiroportion ttras greater our eandles would gire more ligbt^ 
our fires more heat, and we should probably breathe more freely, and lite 
more merrily than we now do. If the nitrogen neither supports life nor 
combustion, I do not see its use. 

J^8 B. And probably you never will know one-half of its uses. But 
He who formed the atmosphere, has in infinite wisdom adapted it to the per- 
fect fulfilment of his beneficent designs. In pure oxygen your candle woold 
disappear in a minute or two, and eren your hron eandlesticlu would take 
fire and barn up; and it would be just as rational to desire our riT^rs and 
springs to flow with brandy, as to wish for an atmosphere of pure oxygen, 
the stimulating effects of which would rapidly destroy life(ll). 

That the nitrogen contained in the atmosphere is as necessary to living 
nnimals as the oxygen, will appear pl^iu to you, when I inform you that H 
has been ascertained that their well-being not only depends upon its pre- 
sence, but upon its being present in the exact proportion in which we 
find it(12). 

Umily, And by what means can the two gases which compose the atmos- 
phere be separated, so that we may examine their properties. 

jMr8 B, There are many ways of effect- 
ing their separation, and of obtaining the ni- Candle bumi in atmospheric 
trogen gas, but we know of no process by air tinder a receiver. 

which to separate the nitrogen and leave the 
oxygen in the gaseous form(13). A burning 
body placed in a confined portion of atmos- 
pheric air will cause its decomposition. I 
place this lighted candle under a bell glass, 
the bottom of which stands in water; it im- 
mediately burns dimly, and is now extin- 
gmshed. The larger portion of the oxygen 
has disappeared, and a second candle placed 
in the air which remains, would go out in- 
stantaneously. A portion of the water you 
see rises into the glass: this is in consequence 
of the absorption of the oxygen leaving a 
void space, and the pressure of the atmosphere forcingithe water up to oe« 
cupy it(l4). 

Caroline, How surprising |;hat a burning candle should decompose the 
atmosphere and absorb its oxygen. The water I suppose will rise so as to 
occupy One-fifth of the contents of the glass. 

JIfrff B. Not so; the whole of the oxygen is not separated, although there 
is too little left to support combustion; and besides this there is another gas, 
produced in the burning, which occupies a part of the space formerly filled 
by the oxygen( 15). There are, however, some combustibles which will unite 
to the whole of the oxygen and convert it into the solid form: the nitrogen 
will in this case be left in a state of purity. That the atmosphere should be 
decomposed by combustion is no more wonderful than that the candle should 
be so also. The tallow which disappears must combine with something, 
and in the present instance that something is oxygen(16). 

JEmily, Although I knew that air was necessary to combustion, I never 



11. What would take place in an atmosphere of pure oxygen? 

12. What other fact evinces the use of the nitrogen? 

13. Can the two gases be separated, so as to obtain either at pleasure? 

14. How may the oxygen be separated by means of a candle? 

15. Why will not the nitrogen be left pure? 

Ifi* What remarks are made respecting this deeompositloa^ 
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had an idea of the importanee of its agenoj until nov, but it is erldeiitiiy as 
I nlboessliry to the process as the fuel itself. 
1^ J^r9 JB, We are indebted to that eminent French chemist Layoisier and 
t.' his associates for what i« called the modern theory of chemistrj, and also 
ft for the nomenclature^ or system of names, vhich is now employed by chem* 
istB(17). Lavoisier's theory of combustion was also generally adopted, and 
deemed satisfactory. It taught that combustion consiated in the rapid combi* 
nation of oxygen with a conAuetible body, and the consequent disenga^emeni 
»f heat and %A/(18). 

Caroline* How simple, and how beautifol! How perfectly it aeeordt 
vith what we have seen! But pray whence do the light and heat come ? 

JIfrs B. That is a. question which in some instances maybe satisfactorily 
mnswered, but there are others in which the theory fails in accounting for 
the production of heat; and therefore, notwithstanding its simplicity and its 
beauty, it is, like most other theories, imperfect(19). 

It has been believed that light is a constituent both of gaseous and of eom* 
bustible bodies, and that, in their combination, a portion of tt is given out. 
Caloric, also, is a constituent of gaseous bodies, and consequently of oxygen* 
and has been supposed to supply the heat which is disengaged in combos** 
tion(30]. - Oxygen frequently combines with the combustible and passes into 
the solid or liquid state, and of course gives oat the caloric which converted 
it into a gas(21). At other times it combines with the combustible and forms 
with it a compound gas, the capacity of which for caloric ia less than that of 
oxygei^ and, of course, latent heat will then be rendered sensible; and that 
in a degree proportioned to this difference of capacity(22). 

* Caroline, But this would be to suppose that the heat came from the air 
and not from the fuel, which seems contrary to our exparience. 

Jl&« jB. Recollect, my dear, that our conversations need not be continu* 
«d, il your senses alone are to be your guides. In the slaking of lime you 
now believe that the heat disengaged is derived from the water; and whea 
you are convinced that oxygen gas is as necessary, and as actively engaged 
in the process of combustion as the fi4l itself, you must be compelled to at^ 
tribute to it a full share in producing Use effect, although it is itself invisible. 
The combination takes place only affte surface of the burning body, where 
the air has free access to it(2d). 

Emily, What are the principal objections to the Lavoisterian theory of 
combustion? 

Mrs B, At the time the theory was proposed, oxygen wasghe only 
knowi^' supporter of combustion, but there are other agents which are now 
k admitted into the class: these are chlorine, iodine, and perhaps bromine* 
W Although combustion does, in general, consist in the rapid combination of 
■ oxygen with a combustible body, this is not universally the case(24). 
r There are also many chemical combinations which are accompanied by 

the disengagement of light and heat, where neither of these supporters, at 
they have been called, are pre8ent(25). In many instances of combustion we 



17. Who were the authors of the modern theory and nomenclature ^ ' 

18. What definition did Lavoisier give of combustion? 

19. Why is this theory accounted imperfect? 

SO. Whence have the light and heat been supposed to be derived? 
Si. What change in the oxygen may cause it to give put heat? 
SS. When the product is a gas, whence may the heat be derived? 
SS. What observations are made respecting oxygen being the iouro^ of 
keat? 

54. What objections exist against the theory of lATOlsier? 

55. What further objection is stated? 

K 
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tre notacquainte^with the source of the heat, as in the firing'of gunpowder^ 
and other explosive mixtures. In these, solids are converted into gases, and 
this, according to the Lavoiserian theory, should produce cold, as an increased 
capacity for ctdoric is the necessary result of such a change(26). It is how^ 
therefore, the practice among chemists to state, in general terms, that combttM^ 
tionis the result of energetic chemical acHon{9^). 

In our present conversation, when speaking of comhustion, you are to un* 
derstand me as intending the hurning of bodies in atmospheric air, oxygen gas^ 
or some g^s containing oxygen; and the products of combustion as consisting 
of a combination of oxygen with the combustible body(28). The exceptions 
ve shall |Jaee by themselves, as they are instances of combustion with which 
you are not familiar. 

JEmily. By the products of combustion^ I soppose you mean the smoke 
and ashes, or other substances which are left after a body has been 
hurned. 

JMrs JS, This would be not only a very meagre, but a very incorrect 
definition. In the greater number of instances the products of combustion 
. exist in the gaseous form, and are from this cause invisible; they are then 
called volatile products. When they remain in the solid state, they are called 
^xed products(29). The whole of the tallow of our candles, and of the oil of 
our lamps, and a larg^ proportion of our wood and coals form, with the oxy- 
gen, volatile products, which, if collected and weighed, will be found to . 
•contain all the matter that has apparently vanished, not an atom being i 
lost(30). Smoke is not properly a product of combustion, as it consists ] 
principally of a part of the fuel which escapes combustion, and which, by its 
condensation, forms the soot in our chimney s(31). * 

When the products of combustion are altogether of the kiM called fixed, 
it is easy to show that, in burning, they have acquired weight, instead of 
suffering a diminution. 

Emily, That is very extraordinary; for although the light and heat which 
have escaped may weigh nothing, and the body may not sensibly lose weight, 
it is strange that it should become Hftavier. 

Caroline, It has just occurred tcyne how this may be; you know that the 
air possesses weight, and if the oxyj^n gas unites with the combustible, th« 
two together most weigh more than the one(32). 

JMrs B, You have given the correct explanation, and yet have made one 
mistake: the oxygen, which is the ba^e of the oxygen gas, combines with the 
eombuiUble, assumes the solid form, and loses its existence as a gas. Yon 
must carefully distinguish between a gas and its base, or your ideas upon 
this subject, like those of many others, will be frequently confu8ed(3d). 

Caroline, Combustibles, I know, are bodies which may be burned; pro^, 
ducts of combustion I understand to be those which have been burned; b 
there are many which do not belong to either of these classes, such as rocks, 
earths, metals, and, I think, a great many others(34). 

M*s B, A little time will teach you that the bodies which you hare 
named are either combustibles, or products of combustion. Rocks and 




26. How does the firing of gunpowder, &e. militate against it? 
07. What more general definition may be given of combustion? 
28. How are we at present to limit the remarks on this process? 
S9. How are the products of combustion divided, and why? 

50. What is said of the products from tallow, oil, coals, kc? 

51. Is smoke, properly speaking, a product (^combustion? 

32. What do we find the fixed products to have acquired, and why^ 

S3. Does the ga^ combine with the combustible body? 

Si. What does Caroline remark respecting combustible products, 8ce> 
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earths are generally compounds of a combustible body with oxygen, and the 
metals are all combustible, notwithstanding some of them require a most 
intense heat to cause them to burn. Some bodies, you know, take fire at a 
much lower temperature than others(d5). 

Endly, But are there not some combustibles which haye so strong an 
attraction for oxygen, that they will rapidly combine with it without first 
applying heat to them? 

Caroline, That cannot be, otherwise we should see such bodies taking 
fire and burning spontaneously. 

JIfra B. There are in existence some such bodies, such as phosphorus, 
potassium, and others, with which you will hereafter become acquainted. 
These bodies, however, are all prepared by art; as, naturally, they are found 
combined with oxygen, from which it is necessary to separate them by che- 
mical means. The very nature of such bodies forbids their existing in an 
ttneombined state any where near the surface of the earth, where oxygen can 
have access to them(36). 

Emily. Was not oxygen gas .discovered by Lavoisier? 

JKra J3. No, my dear, it was discovered in the year 1774 by Dr Priest- 
ley, who called it dephlogiaticated (dr. It afterwards received the name of 
tiital airy because it is necessary to .the support of life, and Lavoisier called 
it oxxGEN, a name derived from two Greek words, signifying acid, and to 
generate; because it was found that many combustibles in their combination 
with oxygen were converted into acid8(d7). Thus sulphuric acid, or oil of 
vitriol, is produced by the combination of oxygen with sulphur. Oxygen 
was believed, therefore, to be the acidifying principle^ and it was assumed 
that all the acids contained it(38). We have since learned that it is not the 
only supporter of combustion, and have also discovered that some acids 
exist which do not contain it(d9]. 

Caroline, I long now to see some of the rapid and brilliant combustions 
which take place in oxygen gas*. Is it difficult to procure it in a state of 
purity? 

J^B B, It is not difficult to procure it * sufficiently pure to exhibit its 
properties; but to obtain any chemical agent absolutely pure is a task rarely 
accomplished, and fortunately not often necessary(40). Oxygen is so feebly 
combined with some of the metals, that heat alone will separate it, and con* 
Tert it into a gas(4l). It was from red precipitate that Dr Priestley first 
obtained it Red precipitate, or red oxide of mercury, as it w^aflerwards 
ealled, consists of oxygen united to quicksilver; and in order to separate them, 
^t is sufficient to heat the compound, when the oxygen unites to caloric and 

comes a gas, and the mercury is reduced, or brought back again into the 

te of quicksilver(4^). Red lead) or red oxide of lead, and black oxide 
\f manganete, in the former of which oxygen is combined with lead, and 
in the latter with a metal ealled manganese, give out this gas when heated 
to redness in a retort of iron or of earthenware(43). When this last oxide is 
mixed with sulphuric acid, oxygen is separated from it by a very moderate 



SS. What is said of the nature of earths and stones, and of metala? 

36. What kind of combustibles must we obtain by art, and why? 

97. Who discovered oxygen, who so named it, and why? 

58. What acid is mentioned as an example? 

59. Why is it not still accounted the acidifying principle ? 

40. What ts remarked respecting obtaining articles perfectly pore? 

41. What is the fact respecting oxygen and certain metals? 
4S. From what was it first obtained, and how? 

43. What substances yield oxygen gas when heated red hot? 
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he*t,aib]r that of ■ lamp{i4). Cddudod nitre, or ullpelre, alio w 

large qaantitj' of oijgen, with which it parti readilj, u do toma other nib- 

■taaoeii w that we have varioui raelhoda of procnring it. 

I hare put into thii retort lome pulTcriied black oxide of mangaaetr, 
and poored npon it enough inlphario acid to form a iorl of paite. The 
joint aetloa of thii acid, and of the beat from a lamp, will auSoe to diaen- 
fage a portton of the oijgen, and conyert it into [be gaieoui »Ute(4s). 

Emitg. I am at a lo» to kaos in what maDner yoM can collect it, and 
keep it from mixing with oommoD air; although I haTe no donbt yoD bare 
(Oma mgeniooa dcTiee for effecting tbia. 

Mr» £. The meani are rery aimple and Terj perfect. Before the time 
of Prieitlej, ehemiiU knew bullitlle of Ibe gates. From hia nnmerona dii- 
DOTeriei, thii pbiloupber hai been empbaticiltj itjled the fatber of pneU' 
matic chmittrg) for although lome of the galea had been diitiactl; noticed 
hj- othen, the greater number were made known bj bii reiearcbei. To him 
alio Te are indebted for a most conTcnient mode of aoUecting them. 

I'neumalie cUlern, miha beUglanapan a ihelf uruler valer; a retarlfram 
vhich jot it patting intt the retdver/ anda lamp for heating the aateriaJt 
■n iha Tttart. 



Tkil niael, which 1 am aboat to use, Ii called the pneumatic cittern, 
tub. It ha* a ihelf within it, at aboot two inehei helow its apper edge. 
Water ii poored into it lO ai to eoier the ihelf oomptetelj. Throagh Ibii 
ihelf, hotel are made for thepasiage of gai, the lower tide around each hole 
being leooped ont M aato form in the wood a lort of inTtrted funnel, to ccl- 
leot and conduct the gai. A. receiTer called a bell glaai, a tumbler, phlat, 
or other Teasel ii filled with water, and placed with itt open month oier ooa 
of the bolei in the shelf^ie). If now the beak of a retort, or a tube Gnn 
•nj *eiiel from which gai ii to proceed, be made to pai> under the ihelf, the 
bobblei of air will aicend throagh the water, and gntdoallr ditplaoe that is 
the ^aaa tciicI; and ai the water bad excluded (he atmoipherio air Iron it, 



44. How maj it be obtained at a moderate heat? 

45. DcicrilH the preparator; Itepi of the prooeii. 

4G. Deacribe tiupneumatic cittern, with a reoeirer placed oi 
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the gas vhicn passes up will be collected, oneontamiiiated by admixture with 
any other(47.). 

' Caroline, How beantiful the babbles appear in rising, and how simple 
and convenient is the apparatus altogether! I shall be delighted tO makii 
some experiments with it myself. 

Jktra B, You can try your skill in that way at your leisnrc; bnt as you 
H^ill find some experience necessary in order to manage it with address, it 
will be best for you to practice at first with atmospheric air, which yoa may 
pour from one inverted vessel into another, as I shall transfer into ikXt wide 
mouthed phial some of the oxygen which we are now collecting. To do 
this I fill the phial with Vater, and invert it over one of the holes on the 
shelf; I then press the larger vessel, containing the oxygen, sufficiently deep 
in the water to pass its edge under the shelf, so that when I tilt it on one 
side, the gas which escapes from it shall be conducted into the phial. In 
this way gases can be poured from one vessel into another with great facil* 
ity(48). 

Emly, But it is an unusual kind of pouring, upwards instead of down« 
wards: this however must necessarily result from the levity of the ga8(49). 
Now you have filled the phial, we shaU have the pleasure of seeing how briU 
liantly bodies bum in oxygen. 

Mrs B» I have, ready prepared, a sufficient portion of the gas to per- 
form this and other experiments illustrative of its properties, and of the 
^ture of combustion in general. Whilst exhibiting them I shall take the 
^portunity of explaining such parts of the nomenclature of chemistry, 
as are immediately connected with the experiments. This is a subject 
which will claim and merit your undivided attention; and although I keep 
you on the tiptoe of expectation, I still think it best to postpone it until 
our next meeting, in attending which 1 need not invite you to be punctual. 




CONVERSATION XI. 

ON OXYGEN, SOME OF ITS COMBINATIONS, AND THE 

NAMES. GIVEN TO THEM. 

Combiutionof a Candle, Of Iron Wire, Oxides and Oxidation, Acids 
and Alkalies, Barnes of Acids, Tests or Reagents,'' Decomposition of 
the Alkalies, Neutralization, J^omennlature of Oxides, Of Salts and 
their Bases, Designation of Combining Proportionals, 

Emily, Here we are, Mrs B., waiting for you; and although we always 
derive light from your presence, we are sure that an unusual brilliancy will 
attend you in your appearance to-day. Should the light which you will 
diflFuse prove as durable as it will he splendid, I believe that we shall 
never again have to complain of darkness. 

Mrs B. You must take care, however, not to be so dazzled by the light 
of the experiments as to allow your vision to be too much dimmed to disv 
cover the truths whieh they are designed to place within ydur view. The 
beautiful objects in nature are, in general, best seen by the mild reflected 



47. How is the gas made to pass into such a receiver? 

48. How may gases be poured from one vessel into another? 

49. In what diKction is the pourmg, and why? 

K2 
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[A taper 
bamt in 
ozjgen 
gas.] 



ligkt ef the mn, and the •nalogj will hold goed in the eztminatioa of the 
tmths of seienee. 

Oar first example of eombnstlon In oxygen gas will be that 
of a taper, whioh, for eooTenience sake, I have attached to a 
piece of bent wire. I now light the taper and introduce it into 
the jar; and jou perceive how much the flame is increased, both 
in sise and brilliancj. KI blow out the taper, and immerse it 
again in the gas before the wick is entirely extinguished, it 
will burst iarto a flame with a slight explosion ; and this yon 
pereeiye t can repeat fiye or six times in succession(l). 

CaroUne. What a beautiful experiment ! and how plainly 
it shows that an atmosphere of pure oxygen would not answer 
our purposes, although it might make good business for the 
tallow-chandlers. Our candles would bum away as fast as we 
eould light them, and it would be of no use to blow them out, 
M they would be instantaneously rekindled (2). 

Jl^a JB. The metals I haye told you are combustibles, and 
most of them may be made to bum Tery readily in oxygen. I will show 
you the experiment of burning iron, the combustion of which is rery rapid 
and brilliant , 

JEmily, It is well that iron will not burn in atmospheric air, or I do not 
know of what we should make our grates and stores. 

Jkb*9 B. At a yery eleyated temperature, iron will bum in atmospheq^ 
air, as the blacksmith sometimes learns to his cost, when he leayes it too 
long in his fire. When minutely diyided, it bums yeiy readily, as you will 
find by dropping some iron filings into the fiame of a candle(8)« 

The usual way of burning iron in oxygen 
gas is to twist a piece of piano forte wire, 
spirally, like a cork screw. One end of this 
wire is fixed into a cork which fits the top of a 
receiyer, and around the other end a small piece 
of thread may be wound. This should be 
touched with wax, or sulphur, to ignite the 
wire in the first instance; as the combus- 
tion cannot commence unless the wire 
be red hot(4). This receiyer is filled with 
oxygen, and, as you see, has its lower end 
standing in water. I will now light the piece 
of thread and then remoye the stopper, and 
insert the cork in its place. 

CaroUne, Is there no danger of the gas 
escaping while you change the stoppers? 

Mr$ B, Oxygen gas is a little heayier than 
atmospheric air. It therefore will not escape 
Tery rapidly; and if i do not leaye the opening 
nncoyered, we shall lose but a yery small 
quantity— -—(5). 

CaroUne, Ob, what a brilliant and beauti- 
ful flame! 

JBmiVy. It is almost as dazzling as the sun. 




[Combustion of-iron wire 
in oxygen gas.] 



-Now a piece of the 



1. How is the burning of a taper in oxygen managed, and what oceiira> 
fl. What would be the result in an atmosphere of pore oxTgeri > 
S. Under what eireumstanees will iron bubn in atmospheric air? 
4. How should iron wire be prepared to barn in oxygen ? 
f . How should it be inserted in the ressel ? 
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mdted ^ire^rops to the bottoift. IMear it ii eattiBgiiiilied; but no, it bimit 
again as brightly as ever. 

Mr>B B. It will born till the wire is entirely oonsnine^, provided the 
oxygen is not first exhaiMted; for yon know it can burn only -while there ii 
oxygen to combine with it(6). ^ 

Caroline, I never saw a more beautifol light. My eyes oanhardly bear 
it. How astonishing to think that all this caloric was contained in the small 
quantity of gas and iron which were enclosed in the receiver, Add that with* 
oat prodacing any sensible heat! 

Emily. How wonderfally qnick combostio^ goes on in pnre oxygen gas! 
l^nt pray, are these drops of burnt iron as heavy as the original wire? 

Mrs JB, They are even heavier; for the iron, in burning, has acquired 
exactly the weight of the oxygen whidi has disappeared and ia now com- 
bined with it. It has become an oxide of iron(7). 

Carohne. I do not know what you mean by saying that the oxygen hat 
disappeared, Mrs B., for it was always invisible. 

M's B. True, my dear, the expreasion was incorrect. But though yoa 
eould not see the oxygen gas, I believe you had no doubt of its presence, as 
the effect it produced on the wire was sufficiently evident 

Caroline, Yes, indeed^; and I am also convinced that in the combustiODy 
both the oxygen and the iron hare suffered decomposition. 

Mr9 B, You, in your turn, are ndt quite correct Simple bodies cannot 
be decomposed. The oxygen and iron 4ire both simple, and they haje com- 
bined and formed a compound, which, were you to decompose it, would 
again furnish you with iron and with oxygen(8). The oxygen gas is decom- 
posed, and the whole of the intense heat given out in the combustion, is pro- 
bably derived from it, as its base ftas assumed the solid form(9). The litUe 
globules which you have seen fall down, and which are the product of this 
combustion, are an oocide of iron, and will, as we have already remarked, 
be found to weigh more than the iron did before its combustion. 

CaroUne. I wish that we had weighed the. wire and the oxygen gas be- 
fore the combustion; we might then have determined whether the weight 
of the oxide was equal to that of both. 

JRfr« B, You may try tiie experiment if you particularly wish it; but 
I ean assure you that, if accurately performed, it tfever fails to show that the 
additional weight of the oxide is precisely equal to that of the oxygen 
absorbed, whether the process has been a real combustion or a simple oxida- 
tion, as we denominate the process when slowly performed, as in the rust- 
ing of iron(lO). 

Emily, You speak, Mrs B., of the oxidation or rusting of iron, as 
similar to combustion; yet in one there is a large portion of heat disengaged, 
and in the other none at all. 

Jlfrt B, The processes are undoubtedly similar; and although in oxida- 
tion, from the extreme slowness of the (^eratlon, you are not sensible of 
the disengagement of the heat, yet there is no doubt of its actually being 
given oot(il). 

CaroUne. How high the water has risen in the receiyer in which the 
iron was burnt! much higher in proportion than when a taper was burnt in 
atmospheric air. 



6. How long will such a wire continue to bum? 

7. What is the iron converted into, and what weight does it acquire? 

8. Is this an example of the decomposition of iron and oxygen? 

9. How far may it be said that decomposition was effected? 

10. What is remarked on the acquisition of weight? 

11. Why is not heat produced in the oxidation of iron? 
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Mrs B, Surely that cannot surprise you. When the taper, was hamC^ 
the whole of the nitrogen remained, and a part of the product of the com« 
bastion was gaseous. In the present instance the whole product is solid; and 
but for the difficulty of managing the combustion, ^ the oxygen gas might 
be made to disappear^ and the receiver would, in that case, be entirely filled 
with water to supply the Tacuum(12). 

Caroline. Pray, Mrs B., in what proportion is the iron increased m 
weight by its combination with oxygen in combustion } 

jUra B. Its increase is nearly forty per cent; that is, eveiy hundred 
grains of iron which undergo combostion combine with nearly forty grains 
of oxygen. The increase of weight, therefore, is not merely sensible, but 
rery great(ld). This may serve as an example of the production of an oxide, 
by combustion in oxygei^ gas. Some combustibles, I have told you, are con- 
yerted into acids iu the same way; and potash and soda, which are called 
alkalies, consist also of oxygen combined with a combustible. The products 
of combustion in 9xygen are, therefore, divided into three classes, — oxides, 
acids, and alkalies(l4}. I am anxious that you should acquire some general 
idea of these different classes of bodies, and, for this purpose, will give you 
an example of each of the two last named, reserving a more particular in- 
vestigation of them for our future meetings. 

I have in this copper spoon some pieces of 
brimstone, which I heat over the candle until 
they begin to flame, and. then immerse them in 
a jar of oxygen. 

Caroline. Oh, what a beautiful violet colour- 
ed flame. I have often admired the flame of 
burning sulphur, even in atmospheric air^ but 
then the smell is most intolerable. In the pre- 
sent instance it burns with increased brillian- 
cy and without any offensive odour. 

Emily. The water is now rising in the re- 
ceiver as in the former combustions, proving 
that the oxygen has been absorbed. The vessel is 
entirely filled with a dense vapour(15). This, of 
course, must be either an oxide or an acid. 

Mrs B. A very important lesson is to be 
learned from this experiment. The nature of 
a body depends not merely on the substances 
which unite together, but also on the relative 
proportions in which they have combined. There may be two or three 
different oxides of the same metal: thus tliere are two oxides of mercury, one 
of which contains just twice as much oxygen as the other. Several of the 
substances which are capable of being converted into acids, form two or 
more distinct acids, according as they are united to larger or smaller pro- 
portions of oxygen(16). Sulphur, when burnt in atmospheric air, becomes 
sulphurotta acid, which at common temperatures is a gas. When united to a 
larger portion of oxygen, it becomes sulphuric acid, which we obtain in the 
liquid form under the old name of oil ofvitriol{i7). 




[Combustion of sulphur in 
oxygen gas.] 




12. Why does the water rise to a considerable height? 

13. What increase of weight does the iron experience? 

14. What is said- respecting three classes of products? 

15. What respecting the burning of sulphur in oxygen gas? 

16. What i%the fact respecting the combining of bodies in different pro- 
portions? 

U. How is thif exemplified by the combination of sulphur and oxygen? 
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The raponr, or rather gas, from hammgp aalphar, the smell -of whieh !• 
•o SaffoeatiDg, is sulphurous acid{ while sulphuric aeid, although formed of 
the same materials, is a liquid, and entirely without odour. Kow this differ* 
enoe results from the difference in their oxygenation(18). 

Emily, I suppose that you have formed sulphuric acid hy horning the 
mlphur in oxygen, and the vapour, which has now disappeared from the 
glass, was the sulphuric acid hefore it assumed the liquid form. 

Mr» JB. Not exactly so, — ^but little sulphuric acid is formeteven when 
folphnr is burnt in oxygen; hut sulphurous acid, though a gas when in a 
diy state, is, like many other gases, capable of being absorbed by water. 
The rapour which you sanr consisted of this acid in the act of combining 
with the yapour of water; and this has condensed, and formed liquid sul- 
phurous acid( 19). 

CaroUne. I have always feared the formidable array of names in chem- 
istry, yet I confess that hitherto 1 have found none of the apprehended 
difficult; hut I suspect that we are now entering the labyrinth, in which we 
shall find ourselves wofully bewildered. I think, however, that I shall re* 
member the difference between sulphurous and sulphuric acids. 

J^9 B, This formidable array of names, as you are pleased to denomi' 
nate the nomenclature, or system by whjch chemical substances are design 
nated, is one of the happiest improvements ever mad* in any science, and 
has tended more than 'any other single circumstance to fiicilitate the study of 
it(SO). When you are introduced to a new substance, you must, of course, 
learn its name ; but in chemistry this extends only to the simple, or elemen* 
tary bodies; the compounds receiving their names from combining together 
those of the substances which l^ve united. Thus oxygen and iron form 
oxide of iron, and oxygen and mercury, oxide of mercury (21). 

Emily, But I do not see how this applies to the names of sulphoroua 
and sulphuric acids; as we hear, in these, nothing indicating that oxygen 
enters into their composition. * 

Jlfra. B, Your objection has the appearance of heing a valid one, al« 
though it is not so in reality. It was thought unwise to alter known and 
long established names for the sake of mere system. A number of bodies 
possessing a sour taste, and certain other properties in common, were called 
acids; and whe^^ it was believed that oxygen was the acidifying principle, 
the name of acid sufficiently indicated its presence. It was therefore retain* 
ed, and to alter it now would be extremely inconvenient, without affording 
any adequate advantage(22). 

The acids receive their ^ecific names from their bcuee: thus sulphnront 
and sulphuric acids have each of them sulphur for its base(S3)» The 
terminations in oua, and in »c, indicate that different proportions of oxygen 
have combined wiUi the . base, whatever that base may be. Thus, when 
applied to phosphorus, we have phosphorotit, and phosphortc acids^ With 
the sulphur contained in sulphurous acid, more oxygen may coml^e, and 
convert it into sulphuric; or we may abstract oyxg^ from sulphimc acid, 
and thus reduce it to sulphurous(24). 

CaroUne. I am greatly obliged to you, Mrs B., for removing my foolish 



18. What is the difference between sulphurous and snlphnrio acids? 

19. What is produced when sulphur is burnt in oxygen, and what form 
does it assume? 

SO. What does Mrs B. assert of the nomenclature of chemistry? 
81. How are compounds named, and what are examples? 
SS. What remarks are made respecting the class of acids? 
9S. Whence do the acids derive their specific names? 
84. What do the terminations in ott« and in tc indieate? 
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fears about names. Whilst speaking of the acids, I shoald like to learn 
some method of detecting them besides that of taste; as some of them, I 
know, are very acrid, and others, I beliere, are poisonoas. 

Jlfr« j9. Under the name of tests, or reagents, the chemist uses % 
Tanetj of substances to ascertain the nature of others. Every diSereDt 
body has a peculiar effect upon some other body, and when such bodies are 
brought together, they react upon each other, so as to enable us to deter- 
mine thei|j^nature8(25}. One general effect of acids, is to turn the blue 
vegetable infusions red. I have in this wine glass a blue, or rather a pur- 
ple infusion of red cabbage; a single drop of snlphujric, or of any other 
strong acid, will, as you see, instantaneously change it to a red. This there- 
fore is a test for acid8(26). 

Emily. I think I haye understood that the alkalies, which stand the third 
^n your class of products, were the very reverse of the aeids in their pro- 
perties; yet you informed us a little while since, that they also were produced 
by the union of oxygen with a combustible. 

Mrs B. There are a number of alkaline substances which we shall 
hereafter have to notice. Two of these, potash and soda, you have frequently 
seen, and to them therefore you will consider my present remarks as con- 
fined. They were formerly supposed to be simple, as they were undecom- 
pounded substances(#7); and we are indebted to the genius of the late Sir 
Humphry Davy for a knowledge of their real character. The analogy be- 
tween them and some other substances known to be compound, had in- 
duced him, in common with the greater number of chemists, to believe that 
they were actually compounds. Possessing the most extensive galvanic bat- 
tery in existence, and familiar with its almost resistless power of decomposi- 
tion, he submitted a portion of potash to its influence, and obtained oxygen 
at the positive pole, and at the negative pole a peculiar metallic substance. 
This metallic substance he named potassiums and one very similar, afler- 
vards obtained from soda, he ctlled 8odium(S8}. I have in this phial a small 
portion of the former. 

Caroline, How astonishing that potash should contain a metal! It must 
then be a metallic oxide, and should, I think, be so classed. But why is 
tiie potassium kept in a liquid? I should like to take it out and examine it. 

J^rs B» Potash is really a metallic oxide; but still it is distinguished by 
the possession of those peculiar properties which belong to'the substances 
which we denominate alkalies, and much inconvenience would result from 
breaking up this class of bodies(29). 

Potassium is one of those substances which have so strong an af&nity for 
oxygen that they are never to be found uncombined with it. When expos- 
ed to the a*:mosphere, it quickly becomes converted into potash, or rather 
potassa^s the p^re article is named by chemists. The fluid which sur- 
rounds n is naphtha: this does not itself contain any oxygen, and protects 
the pot||sium from that of the atmosphere(dO]. 

Emily. FvKy will it take fire spontaneously when exposed to the air, as 
you have told us is the case with some articles? 

JIfrs J9. No; its combination with oxygen is not sufficiently rapid for 



25. What is meant by tests or reagents? 

86. By what test may the presence of an acid be detected? 

87. What was formerly supposed respecting the alkalies, potash and sodaf 

88. Who decomposed the alkalies — ^how — and what resulted? 

89. If then alkalies are oxides, why not class them as such? 
SO. Why is potassium kept under naphtha? 
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•pontuneous combaBtion, oKoepthkg water be present, ia wHicb ease it bami 
with great rapidity (31). 

Caroline, Light a fire with water! Sach a fact, I think, may add another 
to the namber of ehemical miracles. What can water contain which will 
promote combustion? 

Mr% B^ Your surprise is very natural, as you are yet uninformed of the 
eompound nature .of water. This fluid contains a large quantity of oxygen, 
being itself a product of combustion. The strong attraction of potassium 
fortius substance enables it to decompose the water so rapidly as to produce 
eombustion(d2}. I will now drop a small piece of the metal on the water 
eoutained in this bowl. 

Emily, How rapidly and how brightly it has burnt, and how curiously it 
ran about upon the surface of the water! It seems to have been volatilized 
in the process. 

JUrs B. Not so: it has formed a fixed product of eombtuHoriy which i« 
Aow dissoWed in the water, where it may be detected both by the taste and 
by other means. Instead of pure water, we have now a solution of potassa, 
vith all 4ts characteristic properties, as we can prove by the same test which 
ve used for an aGid(3d). Acids caused the blue infusion to become red, but 
the alkali, as you see, turns it green(34); and by carefully dropping a por^ 
.tion of it into tiiat which we reddened by the acid, the purple or blue colour 
will be restored, th^ alkali counteracting the effects of the acid by neutral' 
i2tn^it(d5). 

Emily I hare not so distinct an idea as I wish of what is intended by 
mcids and alkalies netUrtdizing each other* although this term is very 
familiarly used. 

Mrt B. The acids are genenflly distinguished by a sour taste, and by 
reddening the blue vegetable colours; the alkalies by a peculiar acrid taste, i 
and by changing the blue infusions to green. But in certain proportions 
tfa0y combine together and form a ealtf which is neither sour nor alkaline, 
and which will not change the colour of the blue infusion. Such a combina- 
tion is therefore denominated neutrcU^ although the salt, as such, may po8* 
aess very active properties(d6). 

CaroUne, It is very extraordinary indeed that both alkalies and acids 
should depend upon oxygen for their formation, and yet possess properties 
so different. 

JKfr«. B. It is a striking, but not an extraordlhary fact, as chemistry 
abounds with such examples. Properties the most contradictory result 
from the combination of the self same substances uniting in different propor- 
tions. Aquafortis, and the air we breathe, both consist of oxygen and nitro- 
gen; and plants the most poisonous and the most nutritious are formed by a 
combination of the same simple substances(37). 

You will now recollect that when bodies are burnt in oxygen gas, they 
are converted either into oxides, acids, or alkalies; and that it is not from an 
acquaintance with the simples which combine together that we could foretel 
what would be the nature of the product, but that we arrive at this know- 
ledge through the medium of experiment only(38]. 



51. What will cause it to take fire spontaneously? 

32. How does water cause potassium to bum^ 

83. What is the result of the combustion? 

^4. How may the presence of an alkali be tested? 

35. What effect will this green fluid produce on the reddened one? 

56. What is meant by neutraUzation, and a neutral aalt? 

57. What is remarked respecting the effect of chemical combination? 

58. What general fact is to be recollected respecting eomponnds? 
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Caroline* If tiie inqiitiy !> not oat of plaee, I should like to know htnf 
the different oxides of Uie saine substanee are distiogQished from each otherf 
as without some rule they would be confounded together. 

Mrt B* Your wish eould not hare been better timed. The diffeieaft 
oxides of the same substanee. are rarely of the same colour, and they wers 
formerly designated from this oiroumstancet as the black oxide and the red 
oxide of iron; the red and puce coloured oxides of lead, ke« { and this method 
is still often U8ed(39), although a better mode is now generally pursued. 
Deriyati^es from the Greek are employed to express the first, secood, thirdly 
andikighest degrees of oxygenation; as jkrotoxide, dlrv^oxide, frttoxide, per» 
oxide. When there is but one oxide known, no prefix is needed, it is merely 
called an oxide; when thepe are two, we say the protoxide and peroxide. 
.This mode at once indicates the degree of oxidation, and l^s several other 
advaniages over the plan of distinguishing the oxides by their colourt 
only(40). 

JEmilif. I am quite |n love with this system of names, as I already feel 
how much it facilitates the study of the science, difficult as it at first appeaz^ 
ed to be. 

Mra B* There is one other ffoint in nomenclature which it will be ad* 
▼antageous for you immediately to learn, and that is the mode of designaU 
ing the salts. This is a very large and important class of bodies, of whieh 
I can now give you only a very general idea. Salts are substances which 
consist of an cu:id united to a ba9e(k\. ]. The alkalies, and metallic oxide^ 
are bases with which the acids unite(49), and the name given to any salt 
eorresponds with those of its acid and base; as sulphate of potash, whieh is 
a combination of sulphuric acid and potash; and sulphate of iron, wbidl 
consists of sulphuric acid and oxide of iron(43). But sulphurout acid may 
also uttke to a base, and form a salt, which must differ from that formed by 
■ulphuric acid. When the name of the acid ends in Ott«, that of the salt ter^ 
minates in Ue; when in tc, it becopies ate. Thus sulphurotM acid '#ith 
potash, forms sulphito of potash; and sulphnru; acid produces sulphate of 
potash. The same remark will apply to phosphoric and phosphorous 
acids, and to several others(44). 

The same acid, in some instances, combines with the same base in dif« 
ferent proportions, and this difference also requires to be designated(45)b 
Salts were formerly divided into neutral salts, fvpersalts, and tv^aalts. 
They were called neutral, when the acid and alkali were in those propoiw 
tions which neutralized each other, supersalts if the acid prevailed, and 
subsalts if the alkali was in excess. SuJphatt of potath^ oupersulpKatm 
ofpotaah, and tubtulphate of potath^ might serve as examples, ^though* in 
fact, the latter is not known(46). 

. We now apply the Latin numerals to the salts, as the Greek are used to 
the oxides; employing them to distinguish the proportion which the aeid 
and the base bear to each other, as bio for doubled, ter for tripled, and 
quater for quadrupled. Thus we say sulphate of poussa, and disulphate 



39. How have the different oxides of the same substance been distift* 
gnisbed? 

40. How are they now most commonly distinguished? 

41. What is understood by a salt? 

42. What are bases with which the acids combine tnd form salts? 

43. Give examples of the nomenclature of salts. 

44. How is the state of the acid in the salt distinguished? 

45. What is remarked respecting the same acid and base? 

46. How were their different states distinguished from each other! 
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of x>otft88a; tbe first consisting of a single atom, or proportional, of aoid and 
of base, and the second, of two atoms of acid to one of ba8e(47). 

From the combination of oxalic acid and potassa in different proportions, 
tre ha tre oxalate of potassa, ^'itoxalate of potassa, and ^a<iroxalate of potassa; 
because one atom, or proportional, of the alkali is united with one of tho 
acid in the first, with two in the second, and with four in the third salt(48). 

I haye now given you hj far the most difficult lesson on the subject of 
names which jrou will have to learn, but am certain from jour attention 
that you will have mastered it, or nearly so, by the time of our next meet- 
ing, when we shall take up the subject of hydrogen, and its combiDatioaa 
with oxygen. 

CaroUne. I certainly am not anxious to enter further into the details of 
nomenclature, before ruminating upon what you have already taught us; but 
before we part, allow me to ask why nitrogen is also called azote. 

3fr« jB. The term azote originated with Lavoisier and his associates. It 
Is derived from the Greek, and signifies to destroy life^ but as azote was 
found to be the base of nitric acid, which is obtained from nitre, chemists 
have generally concurred in preferring the name nitrogen to that of azote(49). 



CONVERSATION XII. 

ON HYDROGEN, AND ITS COMBINATIONS WITH OXYGEN. 

Water a Compound Substance, Conjecture of Sir Itaac J^evtton* In^ 
Jtammahle Air, J^aturaX Sources of Hydrogen, Formation of Water, By^ 
drogen ahoays obtained from this Fluid, Processes by rvMck Hydrogen is 
obtained. Used for filUng Air BaUoons, Proofs of its Levity, Explodes 
Vfith Oxygen, Proportionate quantities of each, hiscoveryofthe Compo^ 
sition of Water. iMrge quantity formed by the French Chemists, Jifusical 
Tones in Glass Tubes, Soap Bubbles filed vdth Hydrogen alone and in 
mixture. Some properties of Water, Deutoxide of Hydrogen, 

CaroUne, I feel an unusual degree of interest in the subject which is to 
claim our attention this morning; for although I have not the least doubt of 
the fact, I find some difficulty in realizing the idea that what we have so 
often heard called simple water, is a compound. 

J^rs B, The compdand nature of water lies at the very foundation of 
the modern system of chemistry, and the evidences of its truth are so nu* 
merous and so perfect, as altogether to defy sceptici8m(l). You cannot 
have forgotten the acute and extraordinary conjecture- of sir Isaac Newton, 
whicQ was mentioned in our Conversations on JSTatural Philosophy y that water 
r«>:iisisted in part of a principle which was uninflammable, and in part of one 
which he denominated oily, unctuous, or inflammable. The conjectui« of 
this great man has been fully verified, and presents itself to us as one ofthe 
fftrongest examples of the value of reasoning from analogy, when conducted 
vith that caution which belongs to true philosophy(2). 

Hydrogen gas, the base of which is one of the constituents of water, was 



47. What method is now adopted? and give examples. 

48. Give the example of the combinations of oxalic acid with potassa* 

49. What is observed respectirg the names azote and nitrogen? 

1. What remarks are made concerning the compound nature of wator^ 
S. What respecting Sir Isaac Newton's coigecture on this subject? 

.1* 



i 
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ft-nrmerly called inflammable air, as it takes fire readily and boms with 
fliune(S). This gas, combined usually with some other inflammable, has 
been long known as a natural product, being disengaged in coal mines^ 
from certain springs, and also from fissares in the ground, where it take* 
fire when a light is applied to it(4). When it was found to be one of the 
constituents of water, it receired the name of hydrogen, which is derired 
from two Greek words signifying to produce water(5). 

Emily. And how does hydrogen produce water? 

JIfrt B, By its combustion, in which it unites with oxygen. Water Is 
composed of eight parts by weight of oxygen, combined with one part of 
hydrogen(6). If the estimation is made by the volume, or bulk, of the gases, 
we must take twice as much of the hydrogen as of the oxygen, the specific 
gravity of oxygen exceeding that of hydrogen sixteen times. The latter, in 
the gaseous state, is the lightest natural body known(7). 

Caroline, And is it really possible that water should be a combination of 
two gases, and that one of these should be inflammable air! Hydrogen 
must be a most extraordinary gas to produce both fire and water. 

JKfrtf B, You should rather say that water is a combination of the btua 
of two gases; for when they combine they lose their gaseous form(8}. 

Emily. But I thought you said that combustion could take place in no 
gas but oxygen. 

Mrs B. Do you recollect in what the ordinary process of combustion 
consists? 

Emily. In the combination of a body with oxygen, accompanied by the 
disengagement of light and heat. 

J^fra. B. When, therefore,! say tliat hydrogen is combustible, I mean that 
it readily combines with oxygen. But, like all other combustible substances, 
it cannot burn unless supplied with oxygen, and also heated to a proper tem- 
perature(9). 

Caroline. The simply mixing two parts by bulk of hydrogen, with one 
part of oxygen gas, will not, therefore, produce water. 

JIfrt B. No; water being a much more dense fluid than the gases, it is ne* 
cessary, in order to reduce these gases to a liquid, thai they should part with 
the calorie which maintains them in an elastic form(10]. But we had better 
proceed at once to the decomposition of water, and the obtaining of hydro- 
gen gas from it, in order to exhibit its properties. Hydrogen is contained 
in many other substances besides water; but whenever we wish to obtain it 
in a pure state, this is always effected by the decomposition of that fluid( 11}. 
Caroline. I should like extremely to see water decomposed. Is there 
more than one method of doing this? 

MrtB* Yes, several. Thereareanumberof combustible bodies, which 
at the temperature of ignition have a stronger affinity for the oxygen of the 
water than hydrogen has, and, consequently, if water in the state of vapour 
be brought into contact with Uiem, they will deprive it of its oxygen, and 
the hydrogen will be liberated in the gaseous form(lS). Either charcoal 



3. Why was hydrogen gas called inflammable air? 

4. Is it produced naturally, and in what situations? 

5. From what is its name, hydrogen, derived? 

6. How is water formed, and what are its constituents? 

7. In what proportion, by volume, do the gases combine? 

8. Is it proper to say Ihat th^ gases form water? 

9. What is meant when we say that hydrogen is combustible? 

10. With what must the gases part, when changed to liquids? 

11. From what is hydrogen gas always obtained? 
IS. Upon what principle may water be decomposed^ 
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or iron, when ig^aited, will deDOinpaie water, aad when tlie UUer ia em- 
plojed the hydragen maj be obtaiord la great piiri7(lS). 

Emily. As the.hydropn i> oombuatible, I am puizlcd to tell how job 
oan keep it fmni bumiag, when in contact irlth red hot iron. 

Jtfrt £. There are metboda of deaompoiing water which are mnoh more 
an; than that b; heated Iroa, whioh ii indeed a very troubleKime onei but 
■a it ia one of (he moat direct and Batiaractorj', 1 will exhibit to yon the ap- 
paratni b; which it ia eSbated, and explain ita operation, but withoDt at- 
tra^iting anf aetual experimenL Thia will Mve much time, and ansTcr 
•reiy ueful porpoae. 

Fvmaceandgtm btartl far dteow^Miag rmter 



\Jk,iiiiui iamtiRe. B, (he ^n barrel, filled with iron wire in the heated. 
part. C, retort, with water kept boiling. D, the tnbe which conducta 
mua hydroges into (he reoeiTer G, placed over water.] 

Thia il a imsll famace in which moat of the metali may be melted, and 
Other prooeaasB performed which require coniiderable heaL Through two 
openingainitiBidei any tube which it it desired to heat may be paaied. Some 
troD wire or other ahreda of iron are rammed into the middle of a clean gUD 
barrel, to aa to oeeupy a length of aii or eight incbea. A amall retort, 
half filled with water ii luted into the opening at one end. Stripa of paper 
. paated round the Joining aniwer thi* parpoae perfectly well. From the 
other end a bent tnbe paaaea into a reselTer for oollectiag the gaa. When 
the fire is lighted and the gun barrel ao placed that the part cODtaiaing the 
shreda of iron is expoaed to the lire, it aoon becomea red hot, and the water 
in the retort, being in the mean time made to boil, the iteam is compelled 
to pua over the ignited iron, which will decompoae it(14]. 

CafvSne. Now Ithmkthatl can tell how thia decompoaition la effected; 
(he atrong attraction of the ignited iron for oxygen, enable! it to take it 
from the hydrogen, which escapes in the gaaeoua form. But, like Emilj, I 
•m >t > loaa to know wh; ao inflammable • substance, ao highly heated, does 
Dot bani(t5). 

Jti'» B. Tet if I ask yon what ia neeeatary to ita oombaation, you will 
•oawer, an deration of temperatore, and the preaenca of oxygen) now tell 
me, how it ia to obtain the latter^ 

13. What two artielea are named which will decompoae water' 

14. Describe the apparatus naed for its deeompoaition. 
tS> Sow doea the iron operate in pmmotiDg it' 



r 
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CaroUne, Why did we not think of that Emily ? The oxygen of the water 
is taken away from it by the iron, and though highly heated, it is not expos* 
ed to the atmosphere, or to any other source of oxygen, and therefore cannot 
httrn(16). 

Emily. Water then roust be an oxide of hydrogen, yet you do not call 
it so; and the iron, in the process you have described, must also be convert- 
ed into an oxide of iron(17). 

J^rs B. Very well said. Strictly speaking, water is an oxide, but lam 
sure you will not complain of its familiar name being retained. The iron is, 
as you correctly observed, converted into an oxide, and is exactly similar to 
that produced by the burning of iron wire in oxygen gas. It will, of course, 
he found to have acquired weight from the same cause. Were we to weigh 
the hydrogen obtained, we should find that for every grain of it, the iron had 
acquired an addition of eight grains(18). 

Caroline, This is altogether as direct and satisfactory a proof of the 
composition of water as could be desired. But I see that you have the vol- 
taic battery upon the table; I have been anxious to see its power exhibited 
in decomposing bodies. 

Apparatunfor the decomposition of -wetter by the voUaic battery. 




J^Ir» JB, And you will now witness it in its action upon water, as Hhi 
fluid can be very readily decomposed by it For this purpose I fill this 
crooked glass tube with water, and cork it up at both ends. Through one of 
the corks I introduce a wire which is connected with the positive pole of the 
bat^exy, whilst the wire that is connected with the negative pole is made to 
pass through the other cork. The two wires approach each other soffit 
ciently near for the electrical current to take place. 

CaroUne. It doeis not appear to me that you cause the wires to approach 
80 near as you formerly did when you used the battery. 

Jlfr« JS. Water being a better conductor of electricity than air, the two 
wires will act on each other at a greater distance in the former fluid than 
in the latter. 

Emily. Now the electrical effect appears: I see small bubbles of adr 
emitted from each wire. 

Mrt B. Each wire acts in decomposing the water; the positive hy at« 
tracting its oxygen, which is negative; the negative by attracting its hydro* 
gen, which is positive(19). 

CaroUne. That is wonderfully curious! hut what are the small babhles 
of air? 

M*s B. Those that proceed from tne positive wire, are the result of the 
attraction of the oxygen of the water, which is electro^negative, ThiB com- 
bining with caloric is by that wire set at liberty, and appears in the form of 
amall babbles of gas or air. In like manner the hydrogen, which is electro^ 



16. Why does not the hydrogen hurn when so highly heated? 

17. What does Emily remark respecting the water and the iron? 

18. To what will the increased weight of the iron be equal? 

19. Describe the decomposition of water by the voltaic batteiy. 
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paiiUve, !■ ftUraoted toward! Ihe negative pole, and prodaeei the more no- 
meroui babbles which ;oa aee >re diaeng;*g:ed in BontaDt with that wire(SO], 
Yoii nrniC not, howtTer, DCgleet to ohserre, th«t the wirei used in this 
experiment are made of platina, a metal which ii not sipable of beeominf 
oiidisedt for otberaiie the wire would combine with the oxygen, and the 
hjdrogeD alone would be diiengaged(SI), 

CaraUiu. But could not water be deeampoied without the electric airele 
being oompleted? If, for instance, yoH immened onlj the poaitive wire in 
the water, would it not eombine with the oxygen, and the hj'drogen gas ba 

MErtB. Bj-no meansi the batteiy cannot aotunleai the electric circle bs 
•ompleted, lo that the fluid OHn find a pauagefium one pole to the otlier(3S}. 

Car-oSne. I anderatand it noV. But took, Mri 
B., the decompoiition of the water, which ba) been Deanapnang ■aalel' 
going on for some time, doei not lentibly diminiah 6g Feltaic EUciricUy, 
it> qoantitji what i< the reaion of that? and coUecting the gate* 

Mrt B. Because the quantity decomposed ii so tejmratelg. 
cztremelf small. If jou compare the density of 
water with that of the gasei into which it ii re- 
aolred, yon must be aware that a tingle drop of wa- 
ter is sufficient to produce Ihonsaoda of soch email 
babbles ai those you now perceire. 

Caroline. But in thii experiment, we obtain the 
oxygen and hydrogen gasEs mixed together. Isthere 
any means of procuring the two gaaea separately? 

Mri B. They can be collected sepMTitelj with 
g^eat ease by modifying the experiment with that 
riew. Instead of one tube, two may be employed, 
■sin this apparstoi. Twoplatina wires pass throagh 
Dpeningaonoppositesidesofthisglaas vessel, which, 

you see, contains water. Oxer the inner ends of r„ t-i,--!— .«„«„( 
these wires are two tubes, filled with water, their i ' -Tv ,K™^^f. A 
lower ends being open, and their upper ends eloaed. f.*'"* "" "S^*"''...' 
On connecting the^o wire, with tEropposite poles ^* „!r,flll7'„^ 
Of a battery, the oxygen of the water will be ^sen- ^^ ^°^^\^t- 
gaged at o^e wire, and the hydrogen at the other. ^t.''V,^th'^«« 
This wire [i] iapositi™. and will attract the oxy- P»" f''""El' f^"" 
gen, which willasoendintothetnbe[tqaboTe it; uid , . , ■ P"*'*' ^■'■ 
». the other wire [a] i. negative, the hydrogen will ?^b7Vhi7h re^ivet 

ascend into this tube \e'[, and its volume will be ei- ., . _ . j .. . 

actly double that of to^ oxygen, these being the ^ K^™ 
precise proportions which foATwitetiSS). "^"^ ""= "^S^" 

Emly. Then if we were to bom the hydrogen, by means of the oiygen, 
they would again reproduce the exact quantity of water that has been de> 
eoiiip<ued(34). We however shall be a long time ia eoUeeUng enough for 
that purpose. I am sorry that the dewmpoaition by roebtll ia so ineonve- 
nieut, as it would be very satiActory to experiment with tbe l^'drogen upon 
B lai^ar scale. 

Mj-t B. Hydrogen is as readily ohtained in large qnantities as any of 
the sues, hot by a proeei*, the explanation tjt which is DU>re somplex than 



SO, In what way was the principle of its operation explained? 
St. "Wiij are platina wires used in the experiment? 
SB, For what reason mnit the electric circle be completed^ 
''' S3. Describe the apparatus for obtaining the gases separately? 
84. Were theae gasci reauted, what would be the aouseqnanM? 
L3 
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prodneed vtti extted the bulk of water de«ampoieil, abcmt leTeDtf-A*! thoo- 
■Ud time>(33). It ia oa aoeoDDt of iti letity thit it ii emplof ed for filling tiw 
btllannii which float in the atmcMphere in oootequeaee of their diiplmcir^ 
a weight of common air greater than that of the bjdrogen, the hallooD, and 
It! appendage!. It i» for thii lame reaaon that a iDbBtaaBe lifter than water 
floatt on that fluid (34). 

CaraSne. Can we not All abiadderwith thii gai, and cauie it to aicendl 
M-i B. No; a bladder cannot be made aufficieatlf (bin and li^t for 
thia purpoK; but 7011 will preaentlj >ee how rapidlj uap babble! filled 
with hydrogen will rile in the atmoiphere. I will lint hoveter ahow jom 
Iti inflatamabilitf , which is one of iti moat important propeiiieai m it la 
eOBCemed in moat of the combaationa which are aceompanied hj flame. 

Into thia bottle [Pig. 1.] I pat the materiaii for making hydrogen, and inaect 
a tube, lilted bj meani of a eoik, into the neck of iL Throogb thii tube the 
gsawill iiaue in a continoed atream, and when lighted will, aa jou aee, cun- 
^QOe to burn. Thia ia aometimea called the pbiloaopMcal eandle{3S}. 

PhiUiopUcdl Ctmdlt. 



Emits. H"^ prettily it bums with a beantifiil pale blue flame. I lap- 
poae that the product of ita corobnation ii nothing bat water. 

Jlfr> JS. You are righti and were we to collect it we should God that 
eyety grain of hydrogen had combined with eight graini of the oxygen of 
the atmoiphere, and prodnoed nine graiua of wBter(3G). 

Before showing joa another experiment on its influnmabillty, I will ei- 
hibit to you one which will manifest ita leiity. I fill these two glaasea with 
hydrogen, and place them with the open mouth of one up, and of the Other 
down. [Fig. 3. ] We may allow them to remain for lereral minotea in thia 
aitaatioB, when on applybg ■ taper to that with the mouth up, it will b« 



33. Why iaAe volume of hydrogcnprodneed ao great' 

34. Why are air balloons filled with hydrogen ga>> 
SS. What ia H that is ealled the philoaophicol candle? 

SS What is laid resecting the prodoot of ita combuilioD^ 
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fooDd to eontaia itmoipheric air onlj; whilst (he g» will atill remain in tb* 
atber, and will lake Gre, nod barn(37). 

CaroSne. Id thii ease the hydrogen beiD|; li|hteT than (he common air, 
Ueended from tije Brat glaii, and the atmosphere occupiei iCi place; wbilit 
the very levit; of the hydrogen tended to keep it in the inverted gla», as it 
Muld DDt ascend through 11(38), 

JUrs B. Upon this principle a reeeiver ma^ be filled with hydrogen, 
«ithoDt Ihe use of a pncumatio cittem; fay taking a bottle nnd tube lirailar 
to that >bich we used for the philoiophieal candle, and allowing the gai 
to escape through the tube, and pats into a reeeiier held over it. [Pig. 1.] 
It will by its levity rise to the top of the receiver, and as it accumulate* 
*ill force the almospheric air out, and occupy ill pl»ce{39). 

This same principle may be applied to gaiei vbich are heavier than at- 
mospheric air; but in this' case the tube must be bent so as to pass down to 
Ihe bottom of a bottle, standing with its mouth upwards: this you will wit- 
ness at a proper time. Gases which are absorbed by water may also be, 
■ometimes (hui eollec(ed, all of them being either heavier or lighter than 
atmospheric air- 
Gnu^. We feel much obliged, Mrs B., by (his kind of inform alion, as it 
'Win enable ns sometimes to try an experiment which we olherwise could 
not attempt fi^m want of the usual meani. 






■cei-Ber -aith hydrogen gat 
aiing a pneumatic cittern. 



JUrt B. I pass this inverted phial of hydrogen over this lighted candle. 
[Fig. S-] The gas takes fire as soon as it touches the Bame, and continues to 
bum at the month of the vessel; but the eandle iseitinguished the moment it 
Is completely immersed in the hydrogen, and ii relighted in passing Ihrongh 
the flame when 1 withdraw it; and this, as you see, can he repeated a num- 
ber nf times(40). 

QaraUnt. 1 am del^hted with (his experiment, it exemplifies so clearlj 
Hie difference between a eombnstible and ■ sapporler of eombustion. 
What you have told us about oxygen eiplainl the whole. Withont thi* 



ST. How may its levity be shown by two glasses? 

St. Ib what way is this phenomenon explained? 

39. How may hydrogen gas be collected without a pneamatie cistern? 

40. What experiment is performed with hydrogen and a eandle? 
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same oxygen, neither the hydrogen nor the candle can horn. There is no 
dxygea in the phial, and therefore the candle is extinguished; but at its moath 
the oxygen of the atmosphere keeps up the combustion, and your philoso- 
phical candle relights your common one(4l]. 

J^9 B* Your happy application of what you hare already learned, is to 
me a most gratifying recompense for the little time which I have deroted to 
your instruction, I have nothiog to add to the explanation which you have 
given, but will proceed to show you some other examples of the combustion 
of hydrogen. Bid you not observe th^ when we set fire to the hydrogen, 
at the mouth of the jar, that it kindled with a slight explosion P 

Emiltf, Yes, and I was just about to ask you the cause of this, as it after- 
vards burnt so quietly and silently. 

Mrs JS. Just at the mouth of the jar, the oxygen of the atmosphere, and a 
portion of the hydrogen had intermingled. The whole of this portion there- 
fore took fire instantaneously, every particle of hydrogen being in contact 
irith a particle of oxygen(42). Can you not perceive what would be the 
consequence were we to ignite the two gases in a state of complete mixture. 

Emily. I think I do: as a slight explosion was produced by a small por- 
tion, I should apprehend that a larger quantity would explode with corres- 
ponding power(4d). 

Mr» JS. And such is the fact. Observe that I fill this tin ves- TYn vessel 
sel with a mixture of one part of hydrogen with two of atmos- fir ex» 
pherio air, and put a cork in the mouth of it. At its opposite end plotUnff 
Is a small hole like a touch hole, to which I will apply a lighted gaaes. 
taper, when the gases will explode and blow the cork out with 
considerable force(44). 

CaroUne, Oh ! Well, I had no idea of such a report; why it 
was like the firing of a gun ! Is it possible that it was produced 
by the two gases only ? 

JPir< B, The report was certainly loud, but not exactly like 
that of a gun. Had we taken pure oxygen, with a proper portion 
of hydrogen, it would have been much louder. Had I used oxy- 
gen, however, I should have mixed- with it twice its bulk of 
hydrogen; but employing atmospheric air I added but one half its 
bulk of hydrogen. Can you tell the reason of thi8(45)? 

Emily, I thin kjjjl^ explain it: there is so much nitrogen in atmo»- 
pherie air, that hat^Krbulk of hydrogen is sufficient for the oxygen, as the 
latter combines with twice its volume of the former(46). I do not however 
understand the cause of the explosion; for as the two gases unite, and be- 
come water, I should suppose that Instead of expansion, there would be m 
sudden condensation. 

Mrs B. You are perfectly correct in your explanation, and your difficulty 
will be easily solved. The two gases, the bases of which unite to form wa- 
ter, give out a large portion of their combined heat, 'M^hich becoming free, 
rarefies the vapour at the moment of its production, and thus gives rise tQ 
the explosion, like gunpowder and other similar compounds(47). The in- 
tense heat given out in this edmbostion, has, as you will hereafter learn, 
been employed by the chemist in fusing and volatilizing some of the most 
refittctory articles. 



41. How is this phenomenon expluned? 

43. From what cause does this gas kindle with a slight explosioa? 

43. What wonld result from a complete mixture } 

44. In what way may the gases be exploded? 

45. What volumes of oxygen and of common air are used? 

46. For what reason is this diffierence made? 

4r, In what wi^ isjhe load explosion accounted for' 
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•within a 
bell ffla89* 



Caroline, Why is it neeegsarj to kindle the hydrogen in order to its 
oombination with oxygen? would they not unite, slowly at least, by merely 
mixing them together? 

Jlfr« B. Perhaps I cannot sati sfactorily ans wer your question, why we must 
apply heat; but you hare already learned that it is one of the most powerful 
Itgents in producing chemical changes. The bases of the two gases may be 
made to combine by sudden condensation, which causes the particles to ap* 
proximate, and forces out a portion of the heat of capacity; but this i« no 
easy or safe experiment(49). 

Emily. 'By what means can we collect the water which is produced by 
the combination? In the explosions and combustions which we have seen, 
it is dissipated as it is formed. 

Mrs B* We can very readily show the actual formation of Formation 
water, by merely holding a piece of cold metal over the flame of of tvater 
burning hydrogen: the watery vapour will be condensed upon it, by bum-^ 
80 as to be quite apparent, and indeed to run off in drops. By inff hy* 
holding a cold glass receiver over the flame, the vapour of water drogen 
vill be condensed on the inside of it, and this will continue until —'■•'■-- 
the receiver itself becomes heated (49). 

CnroUne. Yes, indeed; the glass iis now quite dim with mois- 
ture ! How glad I am that we can tee the water produced by this 
combustion. 

JSmily. It is exactly what I was anxious to see; for I confess I 
vas a little incredulous. ^ 

J\ir9 B^ If I had not held the bell glasf over the flame, the 
Water would have escaped in the state of vapour, as it did in the 
former experiments. We have here, of course, obtained but a 
very small quantity of water; but the difiiculty of procuring a pro- 
per apparatus, with sufficient quantities, of gases, and the length 
of time required for the experiment, prevent my showing it to 
yon on a larger scale. 

The composition of water was suspected by the celebrated Mr 
Watt, and was discovered at about the same time, both by Mr 
Cavendish, in England, and by the celebrated French chemist, 
Lavoi8ier(50). The latter invented a very perfect and ingenious 
apparatus, to effect with great accuracy, and upon a lmft.8cale, 
the formation of water by the combination of oxygen anAiydro- 
gen gases. Two tubes, conveying due proportions, the one of oxygen, the 
other of hydrogen gas, were inserted at opposite sides of a large globe of glass 
previously exhausted of air. The stream of hydrogen gas was kindled within 
the globe, by the electrical spark, at the point where the two came in con* 
tact. They burnt together, that is to say, the hydrogen combined with the 
oxygen, the calorie was set at liberty, and a quantity of water was produced, 
exactly equal in weight to that of the two gases introduced into the globe. 

Caroline. And what was the greatest quantity of water ever formed in 
this apparatus? 

J^r» B, Several ounces; indeed, very nearly a pound, if I recollect righti 
but the operation lasted many days(51). 

- JEmily. This experiment must have convineed all the world of the trnth 
of the discovery. Pray, if improper proportions of the gases were mixed 
and set on fire, what would-be the result? 





48. Can the gases be made to explode without ignition f 

49. How can the formation of water he exhibited? 

50. By whom was the composition of water diseoveredf 

51. What celebrated experiment is mentioned? 
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Mr* B. Water ▼ould still be formed, bat there ▼oiild be a residue 
of either one or other of the gases; beeaiise, under these cireomstanoes, hy** 
drogen and oxygen will eombine onlj in the proportions requisite for the 
formation of water. 

One of the methods employed to ascertain the proportionate quantity of 
oxygen in the atmosphere, ii the combustion of hydrogen in a confined por- 
tion of it, by which the whole of the oxygen may be separated, the nitrogea 
alone remaining, or more commonly nitrogeu mixed witii a portion of hydro- 
gen(52). There are several other methods of separating the oxygen from 
the nitrogen of the atmosphere. To this I shall call your attention more 
particularly when examining the properties of phosphorus. 

Emily. Pray is there not some danger of an explosion from the acci» 
dental mixture of atmospheric air with hydrogen^ when we suppose that 
we are only going to burn the latter? 

Mrs JS. Great caution is necessary to prevent it. I hare again Jlfutical 
prepared the bottle and tube, to obtain the flame of hydrogen $ound9 
gas, and you may observe that I allow it to escape for some caused by 
time before setting fire to it I do this in order to be sure that the combut- 
all the atmospheric air is expelled from the botUe, otherwise it Hon of hy^ 
might be blown to pieees» and much mischief done by the scat- drogeik m 
tering of its oontents(5d). tubcM* 

1 am about to show you another curious effect produced by 
the combustion of hydrogen gas, which I now kindle with the 
taper. I have here a glass tube open at both ends, which I place 
over the burning jet. 

Emily, What a strange noise it produces, something like the 
JEolian harp, but not so sweet. 

Caroline. It is very singular indeed; but I think rather too 
powerful to be pleasing. Pray how is this sound accounted 
for(54).' 

Jifrt JB. These musical tones are considered as a continued 
series of explosions within the tube(55). Tubes of various ma- 
terials and dimensions produce different tones, some very sweet, 
and others quite harsh, and with a commotion which not unfre- 
quentiy extinguishes the flame. Tubes of different materials, 
flasks, phials, and hollow globes, may be used in the experi- 
ment; and other oombustible gases and vapours answer instead 
of hydrogen(56). 

CaroUne. By the preparation which you have made I think 
that we are now to see some of the fragile air balloons which 
you promised us. 

Mrs B. We shall now fill some soap bubbles with hydrogen 
gas instead of atmospheric air, and you will see with what ease 
and speed they will ascend, from the lightness of the gas. — Will 
you mix some soap and water, whilst I fill this bladder with the 
gas contained in the receiver which stands on the shelf in the 
water bath(57)? 

CaroUne. What is the use of the brass stop-cocks which 
are attached to the top of the receiver? 




52. To what use is the oombustion of hydrogen applied? 

BS. What precaution is necessary when experimenting with hydrogen? 

64. How may musical tones be produced by burning it? 

65. In what way is the noise accounted for? 

56. Is the effect confined to hydrogen and to tubes of glaat? 

57. What experiment is mentioned with soap bubbles? 
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^pparahm fir tramferrin^ CUuet fimn a Receiver inie a Mladdetffw 

bhwin^' JSub^iee^ 9r fir Mer Pvrpoeee, 




Mrt B* It is to afford a pastage to the gas, when required. There ii, 
joa see, a similar stop-eoek fattened to this bladder, -which is made to fit on 
the reeeiyer. I screw them one on the other, and now turn the two cocks, 
to open a communication between the receiver and the bladder; then, by 
sliding the receiver off the shelf, and gently sinking it into the cistern, the 
water rises in the receiver, and forces the gas ioto the bladder(58). 

CaroUne* Yes. I see the bladder swell as the water rises in the re* 
eeiver. 

JIfre B, I think that we have already a sufficient quantity in the bladder 
for our purpose. We must be careful to turn the upper key before we sepa* 
rate the bladder from the receiver, or the gas would escape. Kow I must 
fix a pipe to the stopper of the bladder, and by dipping its month into the 
•oap and water, take up a few drops. I now again turn the cock, and squeeze 
the bladder, in order to force the gas into the soap and water, at the mouth, 
of the pipe. 

Emdly, There is a bubble, but it bursts before it learei the month of 
the pipe. 

Jiire B> We must have paUence and try again. It is not lo easy to blow 
bubbles by means of a bladder, as simply wiUi the breath. 

CareHne, Kow a bubble ascends. Owing* to its levity, it rises with 
great rapidity, and thus shows vety satisfactorily the nature of tiiose larger 
and stronger machines which enable men to rise above theelocid8(59). 

Mre B. We will now blow some with a mixture of oxygen and hydrogen 
in due proportions. These will not ascend with quite so much rapidity as the 
others; but if yon oateh them in their aseent with a lighted taper, they will 



58. Describe the mode of filling a bladder with hydrogen or other gtf. 

59. How are sueh bubblei blown, and wb«t do they exemplify^ 
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giYe^ report like a pi8tol(60). I ha^e now ^lled the bladder vidi the 
mixed gases, and you mast be careful not to touch the bubble before it has 
escaped from the pipe, or the whole contents of the bladder will explode. 
Trjr it Caroline, but mind the caution I have giTen. 

Soap Bubbles bUnm by means of a Bladder 




CaroUne. How awkward I must be; three have escaped and I hare not 
been aUe to .touch one of them! If I do not succeed- better in the next trial 
I will hand th<$ taper to Emily. I am lucky at last, and will not risk my 
eredit by another attempt. How powerfully explosive this compound must 
be to produce so loud a report in so small a quantity and with so thin an 
envelope ! 

JIfrt B» Were we to dip the bowl of the pipe into the vessel of soap* 
•nds, and continue to blow until the bubbles had piled themselves up on the 
•urface, and then touch them with a lighted taper, the explosion would be 
ribsolutely deafening(61). 

Emily. I had no conception that the subject of water and its constituents 
was so extensive and so full of interest. With respect to its composition, 
we have the most perfect proof, both analytical and synthetical; and it 
•eems in its decompositions and recompositions to perform a very important 
part indeed in the economy of nature. 

J^r% B* You have yet but a very inadequate idea of its uses and combi* 
nations. There are but few compounds into which water, or one or both of its 
eonstituents does not enter, and but few agents more universally dififused. It 
exists in a solid state in most rocks and stones, in many instances so tnti» 
mately combined with them as not to be separated at a red heat. Sub- 
Stances with which it is thus intimately combined are called Hydrate8{^i). 
Water is capable of absorbing all the gases, some of them in very minute, and 
Others in very large proportions(6d). Water "is a solvent of more substan- 
ees than any other fluid. Hence we rarely or never find it pure in nature; as 
it dissolves a portion of many of the minerals over which it passes in the 
bowels of the earih(64). The catalogue of its uses would be almost endless. 

CaroUne, Do oxygen and hydrogen combine in any other proportions 
than those which form water? I do not recollect that you have intimated 
to Ui that there is any such compound. 

Mri B* Until within a vety few years, no other combination of oxygen 
and hydrogen was known; but in 1818 Thenard, one of the most celebrated 
ehemists of France, published an account of a new compound which he had 



60. What variation of the experiment ia stated? 

61. In what manner may a louder explosion be produced? 

62. What is said of the numerous combinations of water?- 

63. What, of its absorbent power? 

64. What is remarked respecting it as a solyent? 
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artificially formed, of oxjgen and hydrogen, containing twice the relative 
quantity of oxygen which exists in water. TlUs he called Dvutoxidx or Ht* 
BBoexir, because it contains two atoms, or proportionals, of oxygen to 
one of hydrogen(65). 

It is a corrosire fluid, much hearier than water, and potsessmg seyeral 
very peculiar properties^ but neither these nor the mode of its preparation are 
Important for you to know. When heated to about 60° it gives out pure 
oxygen, and is converted into water(66). 



CONVERSATION Xffl. 

ON SULPHUB AND ITS COMBINATIONS WITH OXYGEN AND 

HYDROGEN. 

ProperUet of the ^\tn'metalUc Simple Inflammables. Natural Matory of 

Sulphur. Sublimation, Combwtionof Sulphur in Atmospheric Air. Acid 

formed by its Combustion. Absorption of Gases by Water. Their Liguefae^ 

tion. Bleaching. Manufacture of Sulphuric Add, Sulphuretted Hydros 

gen, Harro-wgate Waters,- Bydrosulphurets. 

Mrs S. The subject of our last conversation has made yon acquainted 
with one of a class of bodies sometimes called the btxbim iirF2AMMi.Bi.EB; that 
is, substances which have never been decompounded, — which are capable of 
combining with oxygen, and of emitting light and heat when the combina* 
tion is rapid, — and which form with it acids or oxides(l). 

Having attended to the first member of this class, hydrogen, we shall take 
tap three of the others in the following order: Sulphur, Phosphorus, and Car- 
bon(3); deferring the remainder, because I think they maybe more advantai^ 
geously introduced out of what might seem to be their regular turn. 

Caroline, But I understood that the metals were all inflammable, and 
that they were also simple bodies; and, beside these, there are many other 
combustibles which are not contained in your list 

Mrs B. The metals are certainly simple inflammables, but on account 
of their distinctiye characteristics, they are usually placed in a class by 
themselyes; those just enumerated, with a few others, being frequently do- 
nominated the nonrmetalUc ample injlammables{3). With respect to ths 
many other combustibles to which you allude, they are compounds, and are 
therefore expressly excluded from the class in question. 

Caroline. 1 am glad that we have again a solid body to examine, one 
that we can see and touch; although I must acknowledge that in investigat« 
ing its properties I do not anticipate the gratification of all the senses. The 
smell of brimstone is to me one among the most offensive; I dislike even to 
light a match. 

Mrs B. Pure sulphur has but little or no odour, and you have fallen into 
the common error of confounding the smell of one of the products of its com- 
bustion, with that of the simple article. The smell of a burning match is 
not the smell of sulphur. Sulphur is seldom discovered in nature in a pure 



65. What other combiBation is there of oxygen and hydrogen' 

66. What particulars are stated respecting it? 

1. What properties distinguish the simple inflammahles? 
8. What four bodies, belonging to that class, are named? 
3. How are they distinguished from the metalsi which are also simple in* 
flammables? 
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UDmized 8tate(4). So great it its affinity for other aabatancety that it balmoiC 
eoastantly foand eombined with some of them. It is most eommonly uai- 
ted with the metals, under rarious forms, and from some of these eombimi^ 
tioQS is separated bj a yerj simple process. It exists likewise in mai^ 
mineral waters; and some vegetables, especially those of the cruciform tribe^ 
yield it in yarious proportions, it is also found in animal matter; in shorty 
it may be discovered in greater vt less quantity in the mineral, yegetablei 
and animal kingdom8(5]. 

Emily. I have understood that large quantities of sulphur m« found in (he 
island of Sicily, and in other volcanic countries. 

Mrt B, The larger portion is, I believe, supplied from Sicily, the 
Lipari islands, and some other parts of Italy, where it is found in abun- 
dance, and sometimes in a state of very great purity; the continaed inte« 
rior heat of the earth in these places causing it to rise to the surface by 
9ublitnation(6). 

Emily, Pray, what is sublimation? 

JKfr* B, It is a process very analogous to that of distillation. The differ- 
ence between them is, that in sublinuitiion we operate upon solids, and 
in distillation upon fluids. T^ere are several solid substances which may 
be converted into vapour by heat, and which condense again by cold. Sul« 
phur is one of these, and advantage is taken of this property to separate it 
from the fixed earthy or metallic substances with which it is commonly 
combined(7}. 

CaroUne. Pray, Mrs B., what is the diffSerenoe between the fine powder 
which is called ^ow^« of sulphur, and common roll brimstone. 

JkTra B. The article in this phial, labelled ^«wer< of sulphur, is tnlphor 
which has been sublimed, or volatilized by heat(8). This' process can be 
shown, in the small way, by putting some pieces of sulphur into a glass fia^ 
(fig. 1.) inverting a second flask over it, and applying heat to the lower vessel. 
The sulphur will then fuse, and when it acquires a temperature of about six 
handred degrees, it will rise in vapour, and be condensed about the neck 
and body of the upper vessel(9). In the large way the sulphur is melted ia 
iron pots, and ascends in vapour into a chamber above, upon the walla of 
which it is condensed in the form of flowers(lO). You now perfectly under^ 
stand, I suppose, what is meant by sublimation? 

Emily, I believe I do. Sublimation appears to consist in destroying, by 
means of heat, the attraction of aggregation of the particles of a solid body, 
which are thus volatilized; and as soon as they lose the caloric which pro* 
dueed that effect, they are deposited in the form of a fine powder(ll). 

Mrs B. In the case of sulphur a fine powder is produced, but tiie greater 
number of solids which undergo sublimation, form in their condensation a 
concrete ma8s(12). 

Sulphur, chemically speaking, is exacdy th* same substance, whether in 
the form of lumps or in powder. For if this powder be melted, it will, vx 
cooling, be restored to the same solid state in which it was before its suhU** 
mation? 



4. Is sulphur often found in a state of purity? 

5. With what different articles is it said to be combined? 

6. Whence is a large portion of it obtained? 

7. What is intended by sublimation? 

8. What is the difference between flowers of aalphar and roll brimstone? 

9. How may its sublimation be exhibited? 

10. How is it performed in the large way? 

11. In what does the process appear to consist? 

S2. Are sublimed articles generally in the form of powder^ 
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CanUite. But ifthere ii no reil chaage prodacedbj the wblimatlon of 
the aulphur, vbHt is the a>e of that operatioD ? 

.«*■» B. It diridei the sulphur into very minute p»M9, in wbioh atate it 
1* Urgely used in medicine. It ■> also > means of purification, ai it >epa- 
rates it completely from all earthy and other fixed inb«tanoe«(13). 

CoToUne. Sublimation appears to me like the beginning of combuition, 
for the completion oF which one oirsamMaaoe only ia vanting, the abaorp- 
tiOQ of oxygen. 

SubUmatim of SKlphur. 



JUn B. Bat that cinamttanee is erery thing. Ko eaientlal alteration 
ia produced in talphur by aoblimatioDi vhilit in combnation it eorobine* 
with oxygen, forma a ne» eampound, totally different, in exery re»- 
pect, irom aulphnr in ita pure state(14]. We shall noirium some aulpbur 
ID atmoapherlo air, in the same nay in which we lately bnmt it in oxygen 
gai. I haTe in the present instance [Gg.S.) pat some flovera of aulphnr into the 
copper apoon, and this I ignite by meina of a red hot wire. Aal place It in 
the reoeiver, over water, Sie leaael becomes filled with the same kind of 
dense vapour which yon vitaetaed in the former experiment; and you will 
soon perDeive the water riae in the receirer, a little above its leiel in the 
plate(15). 

Emily. The information which yoa gare na when on the tabjeet of oiy- 
fen, will, I think, toggeat an explanation of thii. The aniphar ia now oom- 
biaing with the oxygen of the air, and forming anlphurio aoidj which nix- 
ing with the water, cauies a partial vaeDmn in the glaaa, and, of ooune, the 
pressure of the atmoaphere forcea the water to riae in the reoeiTer(I6). 



IS. What adTantagea are obtained by lubliming mlphnr? 

14. What ia the estential dilTerence between aublimation and eombortlont 

15. Describe the experiment of burning it in atmospberio air. 

16. Wby does the water rise m the receiTer^ 

M 2 
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Mrt JB, You faaTC made a yerj good attempt at an explanaticA, althoogk 
it is not quite correct It is sulphurous, and not sulphuric acid which is 
formed(17). SuLPHumovs acid, at the common temperature and preasare of 
the atmosphere, is a colourkss, iuvisible gas. When water is present it 
absorbs this gas and converts it into the liquid form. One pint of water 
will absorb thirty-three pints of this gas. It is readilj distinguiahed 
from all others by its strong suffocating odour. What Caroline called the 
smell of brimstone, is the smell of this acid. When you set fire to the sul- 
phur on the end of a match, sulphurous acid is formed, and mixing with the at- 
mosphere produces that ofl^nsive smell with which every one is iamiliar(18). 

Caroline, We have here, then, two curious examples of the effect of che- 
mical combination. The solid yellow sulphur is converted into an invisible 
gas; and two bodies, sulphur and oxygen, which in their separate state have 
no smell, acquire a most pungent odour. 

Emily. Yes, and a gas by merely coming in contact with water, is ab- 
sorbed by it in a quantity equal to thirty-three times the bulk of the water, 
and is thus made to assume the liquid form(19]. 

JIfrs jB. I am much pleased with your reflections, as they show both at- 
tention and judgment Large as is the quantity of sulphurous acid which 
combines with water, you will learn that there are some other gases of 
which it absorbs several hundred times its own bulk. Gases which have 
been thus absorbed, are expelled again unaltered, by heating the water(80). 
Sulphurous acid may be converted into the liquid state either by pressure, 
or by intense cold, without the presence of water; but it will again assume the 
gaseous form when the pressure is removed, or the temperature raised. 
Several of the gases have been thus brought to the liquid state, although less 
readily than sulphurous acid(2l ). 

Emily, If this gas is invisible, what caused the white vapour which we 
saw in the glass, and which has now disappeared? 

JKfr9 B, This was caused by the uhion of the gas with the watery va- 
pour contained in the glass, and which is now completely absorbed by the wa- 
ter. In our experiments you will frequently witness a similar appearance. 

Caroline* It bears then some resemblance to the appearance of steam, 
when it is partially condensed by the atmosphere as it issues from boiling water. 

Emily, Is this gas applied to any use? It is so suffocating that I should 
think it difficult to employ it. 

J\£rs B. It is used in bleaching, as it discharges many of the lighter co- 
lours. Straw and silk, for example, are both whitened by it The articles 
to be bleached are moistened and hung up in a box, upon the bottom of 
which is placed a dish containing sulphur; this is to be ignited, and the box 
covered up, when the moisture absorbs the gas which acts upon the articles, 
and destroys their colour. A rough cask, or packing case," answers the pur- 
pose, as the air must not be perfectly excluded, or the combustion would 
oease. The operation should be performed out of door8(22). 

Caroline, Well, I declare I will turn bleacher, and begin by an experi- 
ment upon my old straw hat. Cannot we now, Mrs B., bleach something 
by means of liie acid which you have formed? 

Mrs B. Although the water has acquired a strong smell, its acid pow- 
ers are very feeble, as but a very small quantity oi the gas has been produ- 



17. What acid is formed in the combustion of sulphur? 

18. What is said respecting its nature and properties? 

19. What does it exemplify respecting chemical combination? 
90. Are any other gases absorbed by water? 

81. Can any of them be rendered liquid: and how? 

SS. For what purpose, and in what way is sulphurous acid used? 



\ 
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«ed. Wf ho-wever can t^adily bleaeh this red rose by holdings it over the ▼»- 
poor of burning sulphur. Three or four matches held together -will suffice. 
1 will light these, and hold the rose so that the gas, but not the flame, shall 
come in contact with its petal8(2d). 

Endly, How rapidly the effect is produced, and how beautifully yarie- 
gated the rose appears! Where the gas has touched it, it is quite white, 
irhilst the other parts have retained their original colour. 

Caroline. Whatever beauty it may have acquired, is certainly not ao« 
eompanied by any improvement in its smell. 

J^rt B. Articles bleached by sulphurous acid, soon lose their nnplea- 
mmt odour by eifposure to the atmosphere. Growing flowers may be thut 
bleached without destroying them, and white and red roses be thus exhibits 
ed upon the same bush(24]. 

Emily. I suppose, Mrs B., that sulphur burned in oxygen is converted 
into suLFHTTBic ACID; whilst in atmospheric air it only obtains oxygen 
enough to form ^e sulphurous? 

Jitrs B. If we bum sulphur in dry oxygen, we obtain sulphurous acid 
only: when the experiment is performed over' water, a small portion of sul* 
phuric acid is produced(25). Were we, however, to depend upon this pro* 
cess for the production of sulphuric acid, it would, instead of one of the 
cheapest, be the dearest*of the whole class. 

Caroline. This acid appears to be an agent of so mnch importance, that 
I should like to know how it is obtained? 

Mrs B. I can give you only a general idea of the processes followed^ 
liut perhaps this will be enough to satisfy you. Sulphuric acid, was, until of 
late years, all obtained from common copperas, by a process which is still 
pursued in Germany (26). Copperas, you may recollect, is the sulphate of 
sron of the chemists, as it consists of sulphuric acid, united to the oxide of 
iron. This salt is dried, then put into a proper retort, in which it is heat- 
ed red hot. The sulphuric acid is thus expelled, and is collected in a re« 
ceiver, the oxide of iron remaining alone in the retort(27). The liquid 
thns obtained appears of an oily consistence, and as the salt was often cabled 
£^een vitriol, the fluid was denominated oil of vitriol{Q%). 

The largest portion of this acid is now made by the direct combustion of 
sulphur. The process is performed in a chamber lined with lead, and luiT* 
ing water on the floor. The sulphur intended to be burnt is mixed with nl« 
tre, which, when heated, supplies a large portion of oxygen, whilst the at* 
mospheric air also aids in the oxygenation. After the lapse of many dayv 
the water becomes extremely acid; it is then put into proper yessels and 
loiled. The water being more volatile than the acid, is evaporated, leaving 
the latter in a state of concentration, and possessing a specific gravity nearly 
donble that of water(29). 

Endly. From what you have told ns I should hare supposed that sol* 
phurous acid would still bftvc been the principal product of this combustion* 

Ji£r8 B. And so it is; but sulphurous acid, exposed to the action of air 
And moisture, gradually absorbs oxygen from tiie former, and is thus chang* 
ed into sulphuric acid. This change takes place in the leaden chamber. 



23. How may a rose be bleached by sulphurous acid gas? 

24. What is said further on this point f 

25. What acid is formed when sulphni^ is burned in oxygen? 

26. From what was sulphuric acid formerly procured? 

27. What is copperas, and how was the acid obtained from it? 

28. Why was sulphuric acid called oil of ritriol? 

29. How ii this acid manufaotored by combustion? 
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Some of the attending circumstances are, however^ too intricate (or you to 
understand at present(dQ). 

£imily. The sulphuric acid in this hottle has no smell whaterer. 

J^rt B. The effect of chemical combination is here again exemplified. 
The materials composing the sulphurous and sulphuric acids are the same; 
but in the latter the quantity of oxygen is increased one half. By this two 
remarkable changes are produced; the stronger acid is without odour, and 
instead of existing in the gaseous state, this liquid acid requires a tempera* 
ture of six hundred degrees to convert it into yapour(31). 

There are two other compounds of sulphur and oxygen known to the cfae* 
mist, each possessing acid properties. They are artificially formed by com* 
plicated processes, and the mere fact of their existence is enough for yoa 
to know(32). 

CaroUne. The Harrowgate waters, or sulphur sprmgs, as they are some- 
times called, I suppose contain sulphur in solution. 

Mrs B. Sulphur is insoluble in water alone, but yoa hare seen that iti 
eomhinations with oxygen are soluble. Sulphur combines with hydrogen, 
and forms a gas called sulphvhxttsd HTDBoesjr(33). This gas, like sulphui* 
rous acid, is absorbed by water, although in much smaller quantity. The 
Harrowgate waters contain sulphuretted hydrogen, and derive their medi* 
cinal properties from its presence(34). 

Emily. Allow me to ask«what is meant by a sftlphuret? We have bad 
sulphites and sulphates, but I suppose that this new name indicates some 
new combination. 

J\frs B. Do you recollect how the sulphites and sulphates are formed? 

JEmily, I think I do. In the former, sulphurous acid has combined with 
a base, and formed a salt; and in the latter, sulphuric acid has entered into a 
similar combination(35). 

Jifrs B. Very well: both these names, therefore, show the presence of 
an acid; but sulphur itself combines with many bodies without first unitiiu 
to oxygen, and the products are in this case called sulphurets. Many off 
the ores of metals are sulphurets: thus we have sulphuret of iron, which 
consists of sulphur and iron only, whilst if oxygen enough were present, 
the sulphur would be acidified, and a sulphate of iron formed(36). SuU 
phuretted hydrogen, or sulphuret of hydrogen, means a combination of theas 
two bodies only. Toa will presently learn that there are likewiae 
phosphurets, carburets, &c. ; the termination uret being appropriated to the 
oombinations of simple non«metallic combustible bodies with each other, 
and with the metals, alkalies, and earths. Where a compound is a gas, it 
is usual to add ted to the termination uret, as sulphuretted hydrogen instead 
of sulphuret of hydrogen(37). 

CaroUne. I must confess that if the sulphuretted hydrogen resemblei 
the water which contains it, I am not anxious to experiment with it; al« 
though it would be right to know how it is produced. 

Mrs B, It is certainly a yery offensive gas, having the odour of putrefy* 
ing eggs. It is also very deleterious when breathed, although medicinal 



30. How does sulphurous become sulphuric acid? 

51. What are their characteristic differences? 

32. Are there any other combinations of sulphur and oxygen? 

35. What combination does it form with hydrogen? 

54. What mineral waters contain this gas? 

55. What is intended by sulphites and sulphates P 

56. What is meant by tulphurets? 

97, What is said of the termination in uret and uretted? 
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when takeii into the 8tomach(d8). It maj be readily obtained from 8om« 
of the metaUie sulphurets. If, for example, instead of pure iron, we employ 
a compound of iron and sulphur called Milphuret of iron, and treat it with 
sulphuric acid and water, just as we did the iron in preparing hydrogen gas, 
we should obtain sulphuretted hydrogen. The hydrogen of the decomposed 
water, would, at the moment of its formation, dissolve a portion of the sul« 
phur, and thus become sulphuretted. It may also be prepared by heating 
•ulphur in hydrogen gas; but in this case its formation is less perfect than 
when obtained by means of the sulphuret of irOD(39). 

This gas must often be formed spontaneously in the earth, as the springs 
which contain it are found in almost every country. 

Caroline, And could not such waters be made artificially by impregnate 
ifig common water with this gas? 

Mrs B. Yes; they can be sa well imitated, as perfectly to resemble the 
Harrowgate waters(40]. 

Endly, . In what way can the sulphur be separated from the hydrogen in 
tiiese waters? 

J^s JB* It requires no effort to effect this, as it takes place spontanea 
ously. The water which runs from these springs depositesthe sulphur; the 
hydrogen combining with the oxygen of the atmosphere, and forming water^ 
while the sulphur, being insoluble when alone, is precipitated^ There are 
some runs of water in which this deposite has, in the lapse of ages, accu- 
mulated to a depth of, two or three feet. Even in bottles, when closely 
corked, a portion of the sulphur will separate and form an incrustation on 
the glass(4l). 

Caroline, Sulphuretted hydrogen most of course be inflammable, as 
both the materials of which it is compounded are so; and the products of 
its combustion I should suppose would be witter and sulphuric acid. 

JSfra B. You are nearly correct, but not quite so: when this gas is burned 
in atmospheric air, water and nUphuroua acid are formed, the sulphur and 
hydrogen both, as your remark indicates, uniting with oxygen(42). 

Sulphuretted hydrogen has been, by some chemists, ranked among the 
acids under the name of hydro-eulphuric acid(^3) 

Caroline* That seems strange indeed: where the acidifying principle, 
oxygen, is not present, it would violate all the notions we have acquired, to 
admit that an acid can exist. 

Mr8 B. Have you already forgotten that, although oxygen is the most 
common soarce of acidity, it is no longer admitted as the acidifying prinoi* 
pie? All the acids we have yet spoken of, it is true, are formed by its 
union with a base; but you have yet to learn that hydrogen also may contri- 
bute to the formation of an acid, and in fact that the term acidifying princi' 
pie ought not to be appropriated to any body, or class of bodies; as acidity 
results from the chemical combination of different substances, one of which 
is as necessary as the other to the production of the acid, although we 
usually call one the base, and the other the acidifying principle(44). 

Sulphuretted hydrogen has not a sour taste; but it reddens blue vegetable 
infusions, and combines with the alkalies and some of the earths, neutrali* 

—7 

38. What properties does sulphuretted hydrogen exhibit? 

d9. By what processes may it be obtained? 

40. Can such waters be artificially made? 

41. Is the sulphur readily separated from the hydrogen? 

42. What are the products of its combustion? 

4S. What have some chemists ac^counted sulphuretted hydrogen' 
44. What remarks are made respecting an acidifying principle? 



142 CONVERSATIONS ON CHEMISTRY. 

cing their properties, and forminl^ with them erystallizable eompoandBy 
analog^ous to the salts. These compounds are called hi/dro-eulphuret9{'^5). 

We shall now dismiss the subject of sulphur; our next lesson will be 
upon phosphorus. 

Caroline. I confess that I shall be quite willingr to enter upon a nev 
subject; for although that of sulphur has proved much more interesting than 
I had anticipated, still it has been less so than the consideration of some of 
the simple bodies which haye preceded it. 



CONVERSATION XIV. 

ON PHOSPHORUS, AND SOME OF ITS COMBINATIONS. 

Ditcovertf of JPhotphorus. Substancet in -which it is contained. It9 
Combustion, Phosphoric and Phosphorous Acids, Pliosphuretted Hydros 
gen. J^ascent State of a Gas, Pliosphuret of Ume. M)des of procuring^ 
Phosphuretted Hydrogen. Eudiometry and Eudiometers. AppUcuHon of 
Phosphorus and of Hydrogen to Eudiometry. 

Mrs B. Fhosphobus, a portion of which you see coVered with water in 
this phial, is considered by chemists as a simple body, although both it and 
sulphur have by some been thought to contain hydrogen; but the quantity 
which has been detected in them is so small, as to render it probable that 
if really present it was accidentally so. 

Phosphorus was first discovered by Brandt, a chemist of Hamburg, whilst 
employed in researches after the philosopher's stone; but the method of ob- 
taining it remained a secret till it was a second time discovered by Kunckle, 
in the year 1680(1 ). Phosphorus is generally moulded into small sticks of 
a yellowish colour. It has a consistence resembling becs-wax(2), and may 
be readily cut by a knife. 

Caroline. I do not understand in what the discovery consisted: there 
may be a secret method of making an artificial composition; but how c«o 
you talk oi making a substance which naturally exists? 

Mrs B. A body may exist in nature, so closely combined with other 
substances, as to elude the observation of chemists, or to render it extremely 
difficult to be obtained in its separate state. This is the case with phosphorus, 
which is so intimately combined with other bodies, that its existence 
remained unnoticed, till Brandt discovered the means of obtaining it free 
from other combinations. It is found in all animal substances, and is now 
extracted chiefly from bones by a chemical process. Bones consist princi- 
pally of lime combined with an acid having phosphorus fol* its base: they 
are therefore Si phosphate oflime{3). 

Phosphorus exists in minute quantities in certain plants that bear a strong 
analogy to animal matter in their chemical composition. 

Emily. But is it never found in its pure separate state? 

Mrs B. Never; and this is the reaso)i why it remained so long undis- 
covered(4). 



45. What respecting the combinations of sulphuretted hydrogen? 
1. What are we told respecting the discovery of phosphorus? 
8. What are its form and consistence? 
S. What is the substance from which it is usually obtained? 
4. Why did phosphorus remain so long undiscovered? 
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Fhoipbomi it emineiitl; oomboalible: it melti ind Ukei fire tt m tem- 
pentnre but little exceeding one hundred degrect, and nbiorbi in iti com- 
Imtian > weigbt of oxygea eieeediug iti own Dearlr one holf. 

Caroline- WluiC! vill a pound of phoiphorui soniamc > poaiid uid ■ 
fc»lfofoijB^(i).' 

JUn M. 8d it Bppeura from iceurate eiperiments. I e*a ihoir yon 
■with vbiil TJolencB it combiDct with oxygen, br burning Kune of it in thai 
gu. We mutt manage the experiment in the aime manner ai we did tho 
•omhiMtioD of anlphar. You les that I out the {ihoaphoru* under water, 
Otherwiae there vould be aome danger of ita taking fire h; the friction, and 
tiieheatofmjfii^r*. J now put it into the reseiver, and kindle it bj m«*n* 
of A bot wire. 

Photphtnti burnt in Oxygen Gai, 



Emilg, What a blaze ! I ean hardlj look at it I Deter mr an; thing 
M> brilliant. Doei it not hurt ;our efei, CaniliDe? 

Caroline. Tel: bat atill I eauaot help laakiog at it A prodigion* 
quantity of oijgen tnuit, indeed, he abiorbed, when ao mueb light and ca- 
loric are diaangaged ! 

Mrt B. The caloric aet free in the eomhuitlonora pound of phoipbomi, 
wODid be lulBcient to elevate about a hundred ponnda of cold water from 
the oomraon temperature to the boiling pointfB). 

Emilj/. And it the reaolt of thii oombustion, like that from the born- 
iog of nilphor, an acid? 

Jlfn B. Yea, rHosFHORic acih; aimilar to that contained in bone*, and 
otherpartlof the anliDBl ajslem; and had we dulf proportioned the pho^ 
phorai and tlie oxygen, they vould bare been completely coaTerted intD 
phoiphbrie acid, weighing togetber, in Ihli new atate, exactly the mm of 
their we^;hta aeparately; and, on aeoonnt of the Taconm formed, the water 
vould hare aacended into the receiTcr, and filled it entirely. In thii 
oaae, at in the eombuation of aulphur, the aeid Taponr formed ia abaorbcd 
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and eoivdensed in the water of the reeeiTer. Bat when this eombuttion ir 
performed without the presence of water, or moisture, the aeidthen appear* 
in the form of conerete, whitish flakes, which, however, are extremely read/ 
to dissolve upon the admission of the least moistare(7). 

Emily, Does phosphorus, in burning in atmospheric air, produce, lika 
sulphur, a weaker sort of acid, which jou would call phosphorous acid? 

Afra B. No; for althoug;h in atmospheric air it bums less rapidly than 
in pure oxygen gas, it is in both cases so strongly disposed to combine with 
the oxygen, that the combustion is perfect, and the products 8imilar(8)» 
But phosphorous acid may be formed by the slow combustion of phos* 
phorus, which takes place when it is simply exposed to the action of at* 
mospheric air, at the common temperature; in which case it is believed Q> 
combine with only half the quantity of oxygen contained in phosphoric acid(9)» 

Emily, Is not the process in this case rather an oxidation than a com* 
bustion? For if the oxygen is too slowly absorl|^ for a sensible quanti^ of 
light and heat to be disengaged, it is not a true combustion. 

Mrs B, The case is not as you suppose: a faint light is emitted, which 
is very discernible in the dark, and heat is evolved sufficient ' to be just 
sensible. A whitish vapour arises from this combustion, which, uniting with 
water, condenses into liquid phosphorous acid(10}. 

Emiltf, I have seen letters written and figures drawm with phosphoruS| 
which are invisible in day-light, but may be seen in the dark by their own 
light They look as if they were written, or drawn, with fire; yet they do 
not seem to bum. 

JIfrs B, But they do really burn; for it is by their slow combustion 
that the light is emitted, and phosphorous acid is tiie result of this combus* 
tion. A sheet of thick paper, or of pasteboard, may be employed for this pur* 
pose; but it is necessary to be very careful in using the stick of phosphorusy 
as the friction upon the paper may set fire to it, especially in warm we»> 
ther(ll). 

Emily, Will phosphorus, like sulphur, combine wi.th hydrogen gas? 

J\€r8 B, Yes; and the compound gas which results from this Combina- 
tion produces, as it bums, a smell still more fetid than that of sulphuretted 
hydrogen: it is, of course, called PHOSPHuasTTSD hti>]iooxn(12). 

The phosphurettcd hydrogen gas has this remarkable peculiarity, that it 
takes fire spontaneously in the atmosphere at any temperature(ld). It it 
probable that those transient flames or flashes of light, which are sometimes 
seen in church-yards, and other places, and called by the vulgar WiU-'with* 
a- Wispi but more properly, Jgnis fatuusy are produced by a combination of 
hydrogen and phosphorus, exhaled in the putrefaction of animal matter(14). 

Caroline. Country people, who are so much frightened by Chose appear* 
ances, would disregard them if they knew from what a simpfe cause thej 
proceed. Is the procuring of phosphuretted hydrogen a difficult process? 

Mrs B, No, we have the means of obtaining it very readily; the only 
difficulty is one which I am sure you will overcome, that of understanding 
the rationale of the processes by which it is formed. We can procure it by 
several methods; and I will show you three of them, in each of which water if 



7. What is said respecting the formation of phosphoric acid? 

8. When burnt in atmospheric air, is phosphorous acid formed? 

9. How is phosphorotu atdd produced? 

10. What is said respecting its slow combustion^ 

ll« What, of writing and drawing with it? 

12. What other combination of phosphorus is noticed? 

19. What peculiar property has phosphuretted hydrogen ? 

XK For what appearance it this thought to account^ 
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decomposed in eontaet with phosphoras, when the fuueerU hydrogen combines 
irith the phosphoras, and forms the gas in question. 

Ewily. Pray, Mrs B., what is meant by nascent hydrogen; are there two 
kinds of hydrogen? 

Mr9 B, I intended to explain this term to yon, as the idea which it is 
designed to convey is one of great importance. Hydrogen exists in the li- 
quid state in water, and in the solid state in most animal and regetable, and 
in many mineral substances. Now, whenever it is obtained from these, and 
made to assume the gaseous form, there must be a moment in which this 
transition is taking place, and in which the hydrogen is not completely ga- 
seous; at this moment it is in its nascent state. This word, so happily applied 
by Dr Priestley, is derived from the Latin nascor, to be born(15). 

When a body has assumed the gaseous form, the repulsion existing among 
its particles will, in numerous instances, completely counteract its attrac- 
tion for bodies to which it has an affinity; but the nascent state is so favour- 
able to combination, that in passing through it many substances unite which 
cannot be made to do so under any other circumstances(16). 

Tou must familiarize yourselves with this term, as it applies not only to 
hydrogen, but to most other bodies, and I shall therefore have frequent oc- 
casion to use it. 

Caroline. It is at once so convenient and so expressive, that I am sore 
-we shall be in no danger of forgetting or mistaking it. Sulphuretted hy- 
drogen is, undoubtedly, thus formed, when water is decomposed by means 
of the sulphuret of iron and sulphuric acid. 

JkTrs B, Yes; and a still more striking example is afforded, by the com- 
bination of the hydrogen of sulphuretted hydrogen with the oxygen of the 
atmosphere, when the Harrow gate waters are exposed to its action. The sul- 
phur I have told you separates spontaneously; and the hydrogen being then in 
a nascent state, combines with the oxygen, without requiring any elevation 
of temperature, as it would do had it fully assumed the gaseous form(17). 

Emily, I wonder that the phosphorus does not decompose the water io 
"Which you keep it, as it is capable of combining with both of its constitu- 
ents; but I suppose the attraction of the oxygen and hydrogen for each other 
is stronger than their attraction for the phosphorus(i8]. 

Jlfr« B, That of course must be the cause of their remaining together 
unchanged; but if we put in a third substance which shall increase the ten- 
dency of the phosphorus to combine with one of the constituents of water, 
the decomposition may be effected(19). 

Caroline. Just as the sulphuric acid, by uniting with its oxide, enabled 
the iron to decompose the water when you obtained hydrogen gas(20). 

J^ra B. When phosphorus decomposes water, it combines with both of 
its constituents^ forming with its hydrogen phospharetted hydrogen, and 
with its oxygen phosphoric acid(21). This, like other acids, will unite with 
either of the alkalies and with some of the earths, and form a salt;- with lime, 
for example, it will form Aphoephate of lime. In some of the processes for 
procuring phosphuretted hydrogen, this attraction of lime for phosphorie 
acid may be so managed as to enable us to effect the object very readily (22). 



15. What is meant by the nascent state of a gas? 

16. What are we told respecting its influence in eombination? 

17. How does sulphuretted hydrogen exemplify this fact? 

18. Why does not phosphorus decompose water? 

19. How may it be made to do so? 
80. What analogous fact is alluded to? 

SI . When phosphorus decomposes water, what two compounds aro formed^ 
SS. What article may be employed to facUiUte the process? 
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It is best in the first place to combine the lime and photphoms together, SO 
as to form Siphoephuret of lime. The small auburn lumps in this phial are 
the substance in question. It is formed by causing phosphorus, in yapour, 
to pass over the lime when heated red hot; the two combine, and whencool« 
ed the phosphuret must be kept closely corked up, or the, moisture of the 
atmosphere would quickly decompose it(2d). 

Emly, And is it easy to obtain phosphuretted hydrogen by means of 
this phosphuret of lime? 

Mr9 B. Nothing more is necessary than to drop a lump of It into a 
glass of water. Bubbles of the gas will immediately issue from it, and take 
fire the moment they come in contact with the air, as you perceive. 

Caroline. Astonishing! that is indeed a most curious kind of gas, and 
although I was looking for bubbles of fire, they after all seemed to surprise 
me as much as though I had not expected them. 

JSfra B, I think that you will very readily understand what Is now tak* 
ing place in the glass. The oxygen of the water is attracted by the phos- • 
phorus, unites with a portion of it, and forms phosphoric acid; this then 
combining with the lime, forms a phosphate of lime, which remains in the 
water. The nascent hydrogen at the same time dissolves another portion of 
the phosphorus, and forms the phosphuretted hydrogen, which, being a gas, 
esoapes(24). 

Emily, I can trace the operation perfectly; but had you not so clearly 
explained to us the rationale of the decomposition of water, and some analo- 
gous processes, which has led us gradually on, it would have appeared 
quite complex instead of natural and simple, as it now does. 

J\Irn B. I have in this retort the materials for procuring the gas, and by 
its aid we shall obtain larger bubbles, and exhibit their combustion more per- 
fectly than in the experiment just shown to you. To prepare this apparatus 
requires some address; as the atmospheric air must be removed from the 
retort, and its place supplied by hydrogen, nitrogen, or some gas which will 
not support combustion, otherwise the bubbles would explode in the retort 
and blow it to pieces(25). I have placed the beak of the retort, as usual, 
under water, and the bubbles as they escape through it will be of conside- 
rable size. 

Emily. I have not seen you put any phosphuret of lime into the retort; 
do yon not use that material in the present instance? 

Jlfr« B. No. The liquid is a solution of potash rendered caustic by 
lime, and there is in it a piece of solid phosphorus. The affinities ex- 
erted are similar to those which x*endered the lime effectual in the former 
example. I therefore think that you will succeed in an attempt to explain 
the production of phosphuretted hydrogen by the mutual reaction of these 
substances, when gently heated together(26). 

Emily. It seems to me that nothing further is neeessaiy, in giving the 
explanation, than to change the term lime for that of potash. The oxygen 
of the water combines with a portion of the phosphorus, and forms an acid, 
which, as it is produced, unites to the potash, converting it into a phosphate. 
The nascent hydrogen dissolves anodier portion of the phosphorus, and 
escapes in the state of phosphuretted hydrogen(27). 



OS. How i% phoiphuret of Utne m%de} 

3^ What action takes place between it and water, producing phosphn* 
retted hydrogen? 

55. When prepared in a retort, what precaution is necessary^ 

56. What articles are put into the retort to form this gas? 
S7», GiT« the rationale of this process. 



ON PHOSPHURETTED HYDBOGEN 147 

CaroUne. A number of babbles lure «iMped klread;, and jet the g«i 
h» not inSimed, but onlj produced a white rapour. 

Emily. I WT s li|^t diatiaetlj in the iMt, and luppote the reMon of 
their not burning before wis the mixture of the phoaphoretted hjdrogen 
with the other gaa oontuned ia the retorL That lut wM quite bright, and 
the eipioaion very diatinct. 

CaraUae. How beautifallj and rapidlj thej oome over noir, and what a 
oarioni cireolar ring of amolie ia formed hj eieh, whioh enlargea ai it M- 
•endi. From what ia that effect produced? 

GtiuraSen of Phatphuretted Hydragen, 



JUrt £. The hydrogen and phoi^oroi both unite with the oijgen 
of the Btmoaphere, the Grat form ing water, and the last phaaphoFic acid. The 
vapour resulting from the union of the two produces the rine(48). ' 

Endty. I should expect them to produce a Tapour, but what ahould give 
to thii the Corm of a ring I eaanot conceive. 

JUri B. And perhaps I cannot aatiafactorilf explain it to 70U. I have 
supposed, however, that as the round bubble riaes, its apex being first ex- 
posed to the atmosphere, it there first takes fire, whioh being rapidly pro- 
pagated down through the centre, apreada out the vapour in the form jon 
see. The amoke from the firing of cannon frequently forma such rings, and 
minute onea are often produced bj the sputtering of a candle(S9). 

Careline. Are there not some other iatereattng compounds of phosphorus 
besides those jon have mentioned? 

Jltn B. Phosphorus combines with a greatnamber of substances, which 
we need not notice now. It may be dissolved in olive oil, and if a boltlB 
half filled with the solution be kept oloaelj corked, it may be preserved 
for jtatt. Whenever the cork is withdrawn in the dark, the upper part of 
the bottle will become so Inminoui as to show the time by a watch. This 
efl^ot arises fi^>m the slow oombuttion of the phoiphorns, on the admiasioa 
of atmospheric air. The solution may be rubbed over ^le face and handi 
with perfect safety, and when seen in the dark a curious eifeet is produoedt 
the parts to rubbed being rendered luminous, whilst every other object ia 
{ov)Bible(SO). 

An extremely eombnatible sompoond may be formed by the union of 



Sg. Ofvhat do the vapourons ringa eonaist? 

2B. What is laid reapeoting the formation of these ringi> 

SO. What ti observed respecting pho^bonu and olive oU f 
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phosphoras and sulphur. This phoapkuret of sulphur is sometimet kept 
in small pbials for the purpose of lighting matches, as small portions of it 
-will usually take fire by mere exposure, to the air. It however is a danger- 
ous material both to make and to handle, and I therefore do not use it(dl). 

Einily. I think that you promised to show us another mode of making 
phosphurctted hydrogen; if it is not difficult we should be glad to see it 

J^Irs JB, It is very easy, requiring no other eare than that necessary to 
avoid the burning of your fingers with the phosphorus. 

Into this glass I put some small pieces of iron, or Fountain of 
zinc, mixed with minute pieces of phosphorus, and pour Fire. 

water upon them. What more must I add to cause the 
decomposition of the water? 

_CaroUne. Sulphuric acid, to be sure, and then the hy- 
drogen will escape. 

Emiltf. Yes, and I suppose the nascent hydrogen will 
dissolve a portion of the phosphorus, and become phos- 
l)hurettcd. 

Jklrs J3. Very good. I now pour in the acid, and the 
effect will be immediate(d2). 

Caroline. What a fountain of fire ! The whole surface 
appears to be in combustion. I am glad we have seen this 
experiment as it appears less complex than the others, and 
very clearly elucidates the formation of the gas. 

SUSIOHETRT. 

J^ra.JB. Before finally dismissing the subject of phosphorus, I will ex- 
plain to you the mode of using it for the purpose of ascertaining the propor- 
tionate quantity of oxygen in the atmosphere. The art of doing this is 
called EUDIOMETRT, and the instruments by which it is accomplished Eudi" 
ometers^SS), There are many methods of effecting the object in question^ 
two of which I will now explain; they are among the most perfect, and 
such as you are well prepared to understand. 

CaroUne. I suppose that in unhealthy situations the quantity of oxygen 
is less than in those which are salubrious. 

J^fra B. That is a very natural conclusion, but it has not been found to 
he correct(S4). The matter of disease and of contagion, which sometimes 
exists in the atmosphere, is of too subtile a nature for us to detect. We knov 
its presence by its effects, but it is a material foreign to the air, and does 
not effect its composition(d5). 

But to return to our subject; whatever substance will absorb all the oxy- 
gen, and leave the nitrogen in a confined portion of atmospheric air, will 
serve for eudiometry, provided this substance does not itself part with any 
thing to mix with the nitrogen, and alter its volume(S6). 

CaroUne. I can very readily conceive that phosphorus may be made to 
accomplish this object; as either by its slow or rapid combustion in a vessel 
of atmospheric air, it would combine with the oxygen and leave the nitro- 
gen behind. 

Mrs B. Tou have a correct idea of its use. If we ignite phosphorus in 



91. What kind of compound do phosphorus and sulphur form? 

33. What other mode is given for preparing phosphuretted hydrogen? 

53. What is meant by eudiometry and eudiometers? 

54. Is air in unhealthy situations deficient in oxygen? 

55. What is said of the matter of contagion? 

86* What kind of substances answer for eudiometry ? 



ON EUBIOMETRT. 
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■tmoipberie kir cod En e 
completed in a few aecoi 
phoiphoric acid, whicK 
The uiual, and u better, 
" ' "r, and allow it 



a bell gla» over water, the proeeis will be 
II all the oi J gen will unite with it and form 

water will disiolTe, leaving the nitrogen (37). 
lod is to conGne a ■ciA of phoaphorui in the 



absorbed all the oijgcn, and the water will consequentlf have riien in the 
glaag, ooonpjing about one fifth of its capacitj-, (Gg. 1.} A little pboaphorai, 
haweTer, ia in either case dissoWed by the nitrogen, adding about l-40tb 
to it( bulk, for which an ellawance mast be made when it is meaBured(SB). 

Emily, That is very readily somprebended. Is the odier method to 
which jon ellnded equally elmple? 

.Mr* B. Quite b> much so, as it depeuds upon the eiplodlug of hydro- 
gen and atmospherie air together, and the consequent formation of water. 



<^ 



This istheendiometer employed. It is a thick, t*l], narrow recdrer, or 
tube, dosed at top. (Fig. 3.) Wirei are inserted in two holes drilled oa 
oppoiile sides near to the upper part of it. The ends of the wirei within 
the tube approach each other, but are not allowed to touch; and if an elea- 
trio apark be sent through (hem, it will, in pasting Ironi one to the other, 
tet fire to any eiplosiTe mixture of the gaaea which may be ixintained 
withm it(39]. 

Corofine. The uae of thia instrument scareely needi farther eiplanb> 
tlont a* when it canlaina atmoapherln air and hydrogen, an explonon will 
unite the latter with the oiygen and form water. But if you put in « little 
too much hydrogen, the superabundant quantity will remain nooombined, 
and increaae the rolume of air which remaina, and defeat the eiperiment. 

Jtfri B. Thia i» really no aouree of error: we are careful, in fact, alwaya 
to add an eieesi of hydrogen, 'in order to inaarethe disappearance of all the 
oxygen. We accurately measure the volume of the mixed gisesbett before 
and after the explosion, and thus aioertain what quantity has ditappeared; 
and we know that exactly one-third of this quantity wai the oxygen con- 
tained in the atmoipheric air. By an easy calcnlation, therefore, we obtain 
OUT object; for merely sabtnuting the Tolome of oiygen loat from that of the 



97. How nu^the rapid combuation of phosphorus be nted in endiometiTF 
31. In what manner may itl alow eombnation be employed? 
39. Jteserlbe the eitdiotaetcr in whieli hydrogen is nied. 
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atmoipberic air employed, gires the relatire quantities of the oxygen takd 
nitrogen(40). 

Emily, And of course, as you know how much hydrogen you put in, 
you can estimate how i%ach remains mixed with the nitrogen. The gradua* 
tions on the glass must be very convenient for this purpose. 

Jlfrff jB. You are correct as respects the hydrogen, but its quantity is 
not an element necessary in the calculation of the quantity of oxygen. The 
tube is generally graduated; but sometimes the gases are measured in ano* 
ther very accurately divided, and kept for that purpose. 

I now leave you to reflect upon the lesson of to-day, and when we meet 
again, recollect that our subject is to be carbon. 



CONVERSATION XV. 

ON CARBON AND ITS COMBINATIONS WITH OXYGEN AND 

HYDROGEN. 

» 

J^ethod of obtaininff pure CharcoaL Common J^ethod of making it. 
Diamond. JVewton^a Conjecture, Jnauffidency of Art to imitate many 
JVatural Productions, Charcoal indestructible by Time^ and by Heat, 
^Antiseptic, Absorbs Gases, Carbonic Acid. Soda Water, Carbo* 
nates. Gaseous Oxide of Carbon, Carburetted Hydrogen, Obtained 
from Ponds, Heavy Carburetted Hydrogen, or Olefiant Gas, Davy's 
Safety Lamp, JSTaphtha, 

CaroUne, The substance, the nature and properties of which we are to 
learn to-day, is quite new to me; for although the name is familiar from its 
being applied to tooth powders, and other advertised articles, cai'bon itself 
I have never seen. 

J^rs B, Cabbok is a substance not so new to you as you imagine. It is 
nothing mere than charcoal in a state of purity, that is to say, unmixed with 
any foreign ingredients(l). 

Caroline, But charcoal is made by art, Mrs B., and how can a body 
consisting of one simple substance be fabricated? 

Mrs B, You again confound the idea of making a simple body with that 
of separating it from a compound. The chemical processes by which a 
simple body is obtained in a state of purity, consist in unmaking the com- 
pound in which it is contained, in order to separate from it the simple sub* 
stance in question. The method by which charcoal is usually obtained, is, 
indeed, commonly called making it; but, upon examination, you will find 
this process to consist simply in separating it from other substances with 
-which it is found combined in nature. 

Car6on forms a considerable part of many mineral substances, and also of 
all organized bodies; but it is most abundant in the vegetable creation, and 
in the state of charcoal it is chiefly obtained from wood. When the water 
and other evaporable constituents of the vegetable matter are volatilized at 
the heat of ignition, the black, porous, brittle substance that remains is 
charcoal(2). 



40. How is the oxygen calculated when the eudiometer with hydrogen is 
used? 

1. What is Intended by carbon? 

2. Of what substanees is carbon a opmponent part? 
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Caroline, But if heat be applied to the wood in order to eyftporate the 
Tolatile materials, will not the temperature of the charcoal be raised so at 
to make it burn; and if it combines with oxygen, can we any longer call 
itpnre? 

Jfcfra B, I was going to add, that, in this operation, the air must be ex« 
oluded. 

CaroKne, How then can the vapour fly off? 

Mr8 B. in order to produce charcoal in its purest state, the operation 
may be performed in an iron, or earthen retort. Heat being applied to the 
body of the retort, the evaporable part of the wood will escape through its 
neck, into which no air can penetrate, as long as the heated vapour conti- 
nues to rush out. And if it be wished to collect these volatile products of 
the wood, this can easily be done by introducing the neck of the retort into 
the water bath apparatus, with which you are acquainted (3). But the pre- 
paration of common charcoal, such as is used in kitchens and manufactories, 
is performed on a much larger scale, and by an easier and less expensive 
process. 

Endly, I have seen the process of making charcoal. The wood is rang- 
ed on the ground in a pile of a pyramidical form, with a fire underneath. 
The whole is then covered with clay, a few holes only being left for the cir^ 
ealation of air. 

Mra B. These holes are closed as soon as the wood is fairly lighted, so 
that the combustion is checked, or at least continues but in a very imper- 
fect manner; but the heat produced by it is sufficient to evaporate and force 
out, through the earthy cover, the greater part of the volatile principles of 
the wood, although it cannot reduce it to ashe8(4]. 
Emily, Is pure carbon as black as charcoal ? 

J^rs B, The purest carbon we can prepare is so; but you must recollect 
that the colour of an article is not a test of its purity, as an alteration in the 
>Kg)i^gs^tion merely of the particles may affect the action of light upon it, 
and by this means alone its colour may be changed. 

Here is a form in which charcoal appears, that I dare say will surprise 
yon. This ring, which I wear on my finger, owes its brilliancy to a small 
piece of carbon. 

Caroline, Surely you are jesting, Mrs B. 
Emily, I thought your ring was diamond. 

Mrs B. It is so. But diamond is nothing more than carbon in a crys- 
tallized state and in its purest form(5). 

Endly, That is astonishing. Is it possible to see two things apparently 
more different than diamond and charcoal ? 

CaroUne, It is, indeed, curious to think that we adorn ourselves with 
jewels of charcoal. 

Jktra B, There are many other substances, consisting chiefly of carbon, 
that are remarkably white. Cotton, for instance, is almost wholly 
carbon(6). 

CaroUne. That, I own, I could never have imagined. But pray, Mrs B., 
since it is known of what substance diamond and cotton are composed, why 
should they not be manufactured, or imitated, by some chemical process, 
which would render them much cheaper, and more plentiful than the pre* 
tent mode of obtaining them } 
Mr9 B, You might as well, my dear, propose that we should make 



S. How may the purest charcoal be obtained from wood? 

4. What is the common process of converting wood into charcoal? 

5. What substance consists of carbon in a crystallized state? 

6. What vegetable sabstanoe is nearly pure carbon? 
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flowers and fruit, nay, perhaps, eren animals, hj a chemical process; for it 
is known, hy analysis, of what these hodies consist. - But yon must not sup* 
pose that a kitowledge of the component parts of a hody will in every case 
enable us to imitate it It is much less difficult to decompose bodies, and 
to discover of what materials they are made, than it is to recompose them. 
Inorganic substances, such as water, the oxides, acids, and many others, ad- 
mit of a synthetical as well as an analytical proof of their composition. To 
imitate many of the more complicated combinations of nature, even in the 
mineral kingdom, is beyond our reach, and any such attempt as regards or* 
ganized bodies must ever prove fruitless. Their formation is a secret which 
rests with the Creator. You see, therefore, how vain it would be to en* 
deavour to make cotton by chemical means. But, surely, we have no rea- 
son to regret our inability in this instance, when nature has so clearly - 
pointed out a method f^f obtaining it in perfection and abundance(7). 

Cardine. I did not imagine that the principle of life could be imitated 
. by the aid of chemistry; but it did not appear to me absurd to suppose thai 
chemists might accomplish a perfect imitation of inorganic substances. 

J^ra B. They have succeeded in this point in a variety of in8tance8,*and9 
in the progress of science, methods of producing other such substances, will 
tmdoubtedly be discovered. 

Emily, But diamond, since it consists of one simple, unorganized sub« 
stance, might, one would think, be perfectly imitable by art. 

Jifra B. It is sometimes as much beyond our power to obtain a simple 
body in a state of perfect purity, as it is to imitate a complicated combina- 
tion : for the operations by which nature separates bodies are frequently as 
inimitable as those which she uses for their combination. We are ignorant 
of the means which nature employs to crystallize the diamond : it is proba- 
bly the work of ages, to purify^ arrange, and unite the particles of carbon in 
this form. Some chemists, it is true, have actually believed that they had 
succeeded in crystallizing carbon, but upon careful investigation their con- 
clusions have b«en found to be incorrect(8). 

Caroline. I had always supposed that the precious stotaes, as they are 
called, were all composed of earthy materials, like some of the transparent 
pebbles which we frequently find. 

J^ra B. And, generally speaking, they are so, the diamond being the 
only one of the class which is oombustible(9). Newtob*, the accurate ob^ 
server and close reasoner, who conjectured that water contained a 
principle which was inflammable, being led by the same reasoning which 
guided him in the former instance, was of opinion that the diamond was a 
material wholly combustible. His discoveries in optics conducted him to 
this conclusion; and the fact affords a most notable example of the power- 
ful aid which one department of science lends to another, with which, to 
casual observers, it may have no apparent eonnexion(lO). 

Caroline, Pray what is the reason that charcoal burns without smoke, 
trhilst a wood fire smokes so much? 

Mrs B, Because, in the conversion of wood into charcoal, nearly all the 
Tolatile particles of the former have been evaporated(il). 

Caroline. Yet I have frequently seen charcoal burn with flame ; therefore, 
it must, in that case, contain some hydrogen. 



7. What remarks are made on our power to form such subitanees? 

8. What respecting the artificial production of diamonds? 

9. Of what do the precious stones generally consist? 

10. What remarkable conjecture, respecting the diamond, was formed hj 
Newton? 

11. Why is no smoke produced in the bunung of charcoal? 



ON THE PROPERTIES OF, CHARCOAL. 163 

• 

Mri J?. You should recollect that charcoal, especially that which is used 
for common purposes, is not perfectly pure. It generally retains some por- 
tion of the various other component parts of vegetables, and of hydrogen 
particularly, which accounts for the flame in question(12). You, however, 
must not infer that because a body burns with flame it must necessarily con- 
tain hydrogen, as flame is simply a vapour or gas undergoing combustion. 
The flame of sulphur and of phosphorus is independent of hydrogen ; and 
although most of the gases which are combustible contain this principle, it 
is by no means uniformly present(13). 

Emily. Charcoal docs not, I suppose, possess any properties which ren- 
der it interesting in itself, although from its being a component part of 
many substances in the animal, vegetable, and mineral kingdoms, its af- 
finities must be numerous, and its chemical history a veiy important one. 

MCra B, Chawoal, in the simple state in which we obtain it from wood, 
exhibits some very remarkable characteristics. It seems that it is altogether 
Indestructible by age; and it appears that the ancients, were aware of this fact, 
as the piles upon which the' foundation of the temple of Ephesus rested had 
been charred, that is, their surfaces had been burnt to a coal. When, in 
modern times, some of them were taken up, the charcoal appeared perfectly 
fresh, and even the original marks of the axe were visible, notwithstanding 
the ages which had elapsed since they were driven into the ground. In 
Herculaneum, the manuscripts and other articles which were reduced to 
coal have undergone no decay. Fence posts are frequently charred by our 
farmers, to ensure their durability in the ground(14). 

The most intense fire also produces no efliict upon charcoal, if kept from 
contact with air, and other articles to which it has an afiinity. It will, 
therefore, remain unconsumed and unaltered in a furnace, under melted glass 
or gold, for any length of tirae(15). 

Meat may be effectually preserved from putrefaction by covering it with 
the powder of fresh burnt charcoal; and even after it has become tainted, 
the same application will efi^ectually restore it. The most oflensive ditch 
vater may be rendered perfectly clear and sweet by filtration through a stra- 
tum of pulverized charcoal. Red wines, and most of the coloured animal 
and vegetable fluids, are rendered colourless by the same process, and ia 
many instances their peculiar odours also disappear. Spirituous liquors 
which are still-burnt and otherwise badly flavoured, are frequently purified 
in the same way. The best filtering machines used for filtering water, 
owe their good properties to the charcoal which they contain(16). 

Caroline, These are remarkable properties indeed, and entirely new to 
US. But can it be possible for carbon to unite cheAiically with all the of- 
fensive articles which it absorbs, for certainly it must at length become 
saturated } 

J^rs JB» This absorption of a great variety of substances by charcoal ap» 
pears to depend upon its mechanical structure, and to be independent, or 
nearly so, of chemical affinity; as there is no evidence that any chemical 
combination is effected. After awhile the charcoal becomes saturated, and 
Its power of absorption ceases, but upon heating it to redness, it again acts 
with the same energy as atfirst(17). 

A still more remarkable action is exerted between charcoal and many of 



12. What causes charcoal sometimes to burn with flame? 

13. Is hydrogen necessary to the production of flame ? 

14. What proofs are given that charcoal is indestructible by age? 

15. Wliat effect has heat upon it, when air i« excluded? 

16. What are its anti-putrescent properties? 

17. Docs this property appear to be a chemical one^ 
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the gAses. A lump of compact well bjirnt charcoal, will absorb, and retain 
within its pores, an astonishing quantity of several of them. In one in- 
stance the charcoal will absorb ninety times its own volume, that is, a cubie 
inch of the coal will absorb ninety cubic inches of the gas; and there are 
several, the absorption of which amounts to thirty volumes. Upon heating 
the jcharcoal, these gases are all given out again unchangecl( 18). 

Emily, That indeed 13 a curious fact. Then, however pure charcoal 
may be when it is first burnt, it cannot long remain so if exposed to the at- 
mosphere, as it will absorb a portion of whatever it finds there. But why 
charcoal should not change like other -matter, and be decomposed by 
the action of air, of moisture, and of heat, is^ Ithink, quite unaccoun- 
table. 

CaroUne. You forget, Emily, (hat it is a simple bo^y", and therefore not 
liable to decomposition(i9]; but whilst its affinities are so numerous,. I am 
a» much puzzled as you are to tell why it should remain permanent whea 
buried in the earth, or ignited in 'the fire. 

Jlirff JS. Carbon in the form of charcoal is permanent in the earth, or 
when exposed to the air, at common temperatures, because, in general, it 
requires the heat of ignition to cause it to enter into combination with other 
tubstances. It is p'ermanent in the fire only when kept froin contact with 
those agents to which it has an affinity, it not being volatilized by heat(20). 
There are few bodies, however, which combine chemically, and manifest 
their attractions more readily than carbon when at a red heat 

Caroline. . When charcoal is burnt^ pray what becomes of the carbon 
itself during its combustion? 

J^rs B» It gradually combines with the oxygen of the atmosphere, in 
the same way as do sulphur and phosphorus, and, like those substances, it 
is converted into a peculiar acid, which flies off in a gaseous form. There 
is this difference between them, howev^:, that the acid is not, in the case of 
carbon, as in the two just mentioned, a mere condensable vapour, but a per- 
manently elastic fluid, which always remains in the state of gas, under 
any ordinary pressure and at any natural temperature(2I). It may, however, 
be reduced to the liquid state by strong mechanical pressure, especially 
when aided by n reduction of temperature. The nature of this acid was 
first ascertained by Dr Black, of Edinburgh; andbefoL*e the introduction of 
the new nomenclature it was called fixed air. It is now distinguished by 
the more appropriate name of carbonic aci<i(32). 

Emily. Cai'bon, then, can be volatilized by burning, though by heat 
alone, no such effect is produced? 

Mrs B. Yes; but when so it is no longer simple carbon, but an acid of 
which carbon forms the basis. In this state, carbon retains no more ap- 
pearance of solidity or corporeal form than the basis of any other gas. You 
may, I think, from this instance, derive a very clear idea of the bases of 
oxygen, hydrogen, and nitrogen gases, the existence of which, as real bodies, 
jou seemed almost to doubt, because they were not to be obtained simply 
in a solid form. 

Emily. That is true; we may conceive the bases of oxygen gas, and of 
other gases, to be solid, heavy substances, like carbon; but so much ex- 
panded by their combination with caloric as to become invisible(23). 



18. What is said respecting its power of absorbing gases? 

19. Why is not charcoal capable of decomposition? 

SO. What is observed respecting the permanence of charcoal? 
fil. Into what is carbon converted by combustion? 
63. Who discovered this gas, and what names has it received? 
Sd. What illustration respecting others does this gas afford? 
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Caroline* But does not the carbonic acid gas partake of the blackness of 
charcoal ^ 

JUrf J9. Not in the least. Blackness, you know, does not appear to be 
essential to carbon, and it is pure carbon, and not charcoal, that we must 
consider as the basis of carbonic acid. We shall make some carbonic acid, 
and, in order to show ita composition, shall burn a portion of carbon in 
cSxygen gas. 

Emily, But do you mean, then, to burn diamond? 

JSfra J3, Charcoal T^^ill answer the purpose still better, being softer and 
more easy to inflame. Besides, the experiments on diamond are ratlier ex- 
pensive. 

Caroline. But is it possible to burn diamond? 

Jllr« JB. Yes, it is; and in order to effect this combustion, nothing more 
is required than to confine it in oxygen gas, and to apply a sufficient degree 
of heat. It was by burning diamond that its chemical nature was ascertained, 
Lavoisier first proved that it contained carbon, by confining it in this way, 
and heatmg it by a powerful burning-glass, by which process he obtained 
carbonic acid(24). With the exception of a very minute quantity of water 
which is produced when common charcoal is burnt, it has been found that 
there is no chemical difference between it and the diamond; the same quan- 
tity of oxygen combining with the same weight of either, and producing 
equal portions of carbonic acid, .which is the only product of the combustion. 
On ascertaining the weight of the gas, it is found to be equal to that of the 
oxygen and carbon before the combustion. One hundred parts, by weight, 
of carbonic acid, contain about twenty-eight of carbon, and seventy-two of 
oxygen(25]. 

We will now set fire to this piece of charcoal, and suspend it in a receiver 
filled with oxygen gas, and although we cannot now take time to weigh or 
measure the materials, we shall find that after the process is completed, the 
oxygen will have lost its power of supporting combustion. 

Emily, I am surprised that the combustion of carbon is not more bril- 
liant; it does not give out near so much light or caloric as phosphorus, or 
sulphur. Yet since it combines with so much oxygen, why is not a pro- 
portionate quantity of light and heat disengaged(26)? 

Mrs B, The quantity of light and heat disengaged does not depend solely 
upon the quantity of oxygen which enters into combination, but also upon 
the peculiar nature of the combustible, and of the product of combustion. 
Hydrogen, when burnt, exhibits but a feeble flame, yet it combines with 
eight times its weight of oxygen in passing into the state of water; and al* 
though the light is feeble, the heat is intense. You must not therefore expect 
to find the light and heat disengaged in combustion, to be in exact propor* 
tion to the oxygen absorbed. And in the combustion of charcoal, since, in* 
stead of entering' into a solid or liquid combination, as it does in the phos* 
phoric and sulphuric acids, the oxygen is employed in forming another 
elastic fluid, it parts with less of its calorio than when uniting to either of 
the former substances, the capacity of the carbonic acid gas produced being 
greater than that of a liquid or solid(27). 

Caroline, But why should the water rise in the receiver after the com* 
bastion of carbon, since the gas within it retains its aeriform state? 

Mrs B, Because the carbonic acid gas is gradnally absorbed by the 
water; and this effect would be promoted by shaking the receiver(28). 



84. How may the diamond be burned, and what is then produced? 
85« What evinces the similarity between charcoal and the diamond? 

86. What is said respecting the burning of charcoal in oxygen? 

87. What inflaenees the amount of light and heat in eombttstion? 

88. What effect hat water on carbonic Mid gas> 
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Eftuly, Then the water, I suppose, acquires a sour taste, and exhibits 
the other properties of an acid. - 

J[€rs B. The quantity ahsorbed in this way would be too small to produce 
a very sensible effect, but by means of agitation and pressure a very larg« 
quantity may he forced in. What is usually sold under the name of soda 
water, but more properly called Seltzer water, contains nothing but carbon* 
ic acid, condensed by suitable machinery. Soda was formerly added, but 
is now usually omitted(29). 

Caroline, Then the sparkling appearance and pungent taste of this 
irater are produced by the carbonic acid gas^ 

J\frs B. They are; and other sparkling liquors derive this property {rom 
the same source. Carbonic acid, or fixed air, is disengaged from all vinous 
liquors when fermenting. Champaign, cider, porter, and many others fer- 
ment in the bottles, which being closely stopped^ retain the gas until the 
corks are drawn(30). In the preparing of soda water for sale, the manu* 
facturers use very strong vessels of copper, bound round with iron; and, hj 
means of forcing pumps, the water is made to absorb a quantity of earbonie 
acid equal to five or six times its own bulk. Such is the elastic power of 
the gas when thus condensed, that notwithstanding the strength of the ves- 
sels, they not unfrequently burst; and their separated parts have been pro« 
jected with a force, which has not only destroyed the lives of persons em- 
ployed in chargingthem, but in some instances have made deep indentatioDS 
even in brick walls. 

Caroline. It is not surprising, therefore, that the water should be SD 
very effervescent and sparkling when it escapes from the vessel into a tum- 
bler; nor is it very remarkable that glass bottles should burst, when they 
contain within themselves a manufactory of carbonic acid. 

Emily, There must be some other method of obtaining carbonic acid fot 
impregnating soda water than that of burning charcoal in oxygen, or it 
would be a beverage of difficult manufacture, and of no small cost. 

J^ra B, Carbonic acid, by its union with the alkalies, some of the earths^ 
and other metallic oxides, forms a class of saline bodies, which are, of 
coarse, called carbonates. Nature furnishes these carbonates in great 
abundance, and by decomposing them we may obtain carbonic acid. Mar* 
ble, common limestone, and chalk, are all different forms of carbonate of 
lime, and some one of these may be procived almost every where. The 
carbonic acid may be expelled from them by nearly every other acid. We 
generally employ the sulphuric on account of its cheapness, and not because 
it is better adapted to the purpose than some others(31). 

Caroline, I remember seeing a mineralogist, who, in order to ascertain 
whether a specimen which he bad was limestone, dropped upon it some 
acid, probably the sulphuric, and an effervescence immediately took place, 
the whole surface where the acid touched being covered witji minute bubbles. 

Mrs B, And those bubbles were undoubtedly carbonic acid. I have 
here some pulverized marble which I will put into a retort, and pour upon 
it some dilute sulphuric acid. This will combine with the lime and form with 
it a sulphate of lime; while the carbonic acid gas being thus set free from its 
combination, will escape in torrents. It is by a process similar to this that 
the soda water manufacturers obtain it. 

Emily. How rapidly it comes overl Ihe receiver is already filled, and 
the gas wasting. But it is procured so easily that the loss ot a little is not 
of much consequence. 



^9. Of what does soda water consist? 

90. What is observed respecting sparkling liquors generally? 

SI. With what aabstances is carbonic acid naturally combined? 
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M"! S. Before the tadt. and Seltser waters Jftath't ^pparalu*. 
irere mnnufkotured in (he large wij.aDd iatrodiiB- 
ed aa eommoa berertges, an elegant iDitromeat, 
called JVoolh't apparatuM, tW uied for impreg- 
Cating water vilh eu-bonia aoid. Th]a iilhe in- 
atrumeut upon the tatale. The lower Teseel [A] 
eantiini ibme pnlTerized marble. The middle 
*ee>el [B] holds the nater whish ii to be impreg< 
tilted. The upper veaiel [C] reoeivee a portion 
of the vater, when iti sarGiee ia preiaed upon \>j 
^e gaa, thua prdduoing a reaction which promote • 
the abaorption. These Teuels fit into each other 
air-tight, and between the two lowest ii a Talie 
[a] which allows the gaa to paat through it into 
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[n the lower Teasel ii an opening [A] to 
diluted sulphuric aeidtabepoDredupon tli 
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vater, wten impregnated, i 

tD](3a). 

Can&ne. That is, indeed, an elej 
exhibiting the impregnation of water 

howerer, M the freedom with which thia water ia naed, as I had always un- 
derstood tliat fixed air was verj poisonous. This, howerer, must be an error, 
er it woald not be thus drank with impuoitj. 

JKn B. When taken into the Inngs in considerable quantities, it instan- 
laneoualj deatrojs life; but though to prejudicial when breathed, it is very 
agreeable and talutaij to the stomach. Theae two organs are formed Six 
Terr diH^rent pnrpoaea, and must be treated according to the functions 
which natnre has intended them to perform(33). All animals die ib earbon- 
Ic acid. A mouse placed in a Jar of it 

will expire in a few seconds. 1 am sure, Carbtnic .Sad collected in an 
hbwETer, that jon would ratho' be inform- o^m Vesiel. 

ed of this (act than have the proof of it exhi- 
bited to jou. Thia gas also immediitelj ei- 
tmguishea a taper, or anf Other bumii^ 
bodT(S4}. 

Emilg, Yet it contains a large qnautl^ 
of oiygen. ■* 

Caroline. And » does waterj bat it 
alreadj combined widi a combnatible, a 
therefore cannot rapport combuttion. 

Emilg. Yon are ratber rapid, my dear 
Caroline; I wa» juat going to offer 
planation of the same kind myself. 

Carotmi. I beg your pardon, 1 know I 
Tai a little too quick, but was unwilling to 
forego the expression of a bright thonghL ^ 

MrtB. I will now collect a qninliiy ofB 
Mrbonio acid, without asiog the pneumatio 



Mrbonio acid, i 



SS. How ia carbonic acid nioally obtained, and what ia the 
of JVdd'A'i apparatda for impregnating water with it.' 

«■*^^V '■ «"'"^?,'^1««ti''B it- poiaooous properUea? 
B4. Will carbonic acid aupport liCe, or combuatioa? 
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eastern, and will exhibit to yon some of its propertiei. Into the neek of 
this flask, which contains the ingredients for making the gas, I insert onA 
C9id of a tube, which is made to pass through a perforated cork. Th6 
tube, as you see, is bent twice at right angles, so that the other end may 
descend into an open mouthed glass. The gas, as it escapes, will be eol* 
lected, fill the glass, and then run oyer the top(S5). 

CaroUne, Why, Mrs B. , you speak of it as though it were a liquid instead 
of a gas, and collect it as you would water from a pump. 

Mr8 JB* It is half as heary again as atmospheric air, and this spe^i 
eific gravity will enable us not only to collect it readily in this way, but 
actually to pour it from one vessel into another. By the aid of a little 
vapour which accompanies the gas, you may now see it running over, and 
descending below the edge of the glass(d6). This lighted taper will be as 
completely extinguished the moment it touches the gas, as it would by lxn« 
mersion in water. 

Emily, The smoke from the taper seems to have mixed with the gas at 
the surface, and forms a curious kind of little deud. 

Mrs B. By extinguishing a piece of burning paper in the same way, a 
large quantity of smoke will be entangled by the gas, and render the motion 
of it visible when I move the glass. > 

CaroUne. That, I declare, is almost seeing the gas itself. As you 
move the glass backward and forward, the surface appears to be agitated 
like water in a high wind (37). 

Jlfr« B. I now place a burning taper at the bottom of another glass, and 
by gently tilting that which contains the carbonic acid, as though we were 
pouring a liquid upon the taperj the gas will run out, and the taper be ez- 
Hngui8hed(38). 

Emily. It no longer appears surprising that men lose their FiTes by des- 
•sending into wells containing fixed air; and the importance of the precau<- 
tion, which I have often seen published, of first letting down a lighted candle, 
is clearly manifest 

CaroUne. The cause of such accidents is now perfectly plain, and I 
also perceive the ^urce of the danger of burning charcoal in close i*oom8: 
the oxygen unites with the carbon, and produces a gas which will des(ii>y 
life. What numbers might have been saved by a little knowledge of che- 
mistry (39)! 

Mrs B. There are many natural processes by which carbonic acid is 
produced, and yon ought also to be informed that it is always contained 
in the atmosphere, although in very minute quantities: it has been Iband 
even on the tops of the highest mountain s(40). 

Emily. I wonder much at that. From its weight it might be expected 
to exist in low situations; but I should have supposed that if produced upon 
the mountains, its gravity would carry it down into the Tallies. 

Mrs B. Your idea is certainly a very natural one, but the law which 
governs other bodies in this particular does not apply to gases: when they 
have once become mixed, the repulsion of their particles seems to prevent 
their gravitating among each other. I cannot fully enter into this point, 
and you must be content with the information that we have no evidenea 



.S5. How may it be collected in an open glass? 

36. What is observed respecting its weight? 

37. How may the motion of this gas be rendered visible? 

38. State the experiment of pouring out carbonic acid. 

39. What is said of fixed air in wells and in rOoms? 

40. What is said respecting its presence in the atmosphere? 
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whatever that two gases will separate merely from a difference in their 
'4{»eeffic graTities(41). 

Caroline, You hare not said any thing about earhonous acid, as you did 
of sulpiiurous and phosphorous. I suppose therefore that it does not exist. 

Jftfr« JS, There are seyeral bases with which oxygen forms but one acid, 
snd such an acid always has its termination in ic: dus is the case with car- 
bon. It, however, forms an oxide by combining with less oxygen than is 
eontained in carbonic acid; this oxide is a gas, and is called carbonic oxide, 
or gageouM oxide of cardon(42). It contains but half the proportionate quan- 
tity of oxygen found in cai^onie acid. It is inflammable, and I think that 
you will fie able, without difficulty, to tell me what is the product of its com- 
bustion. 

Emily. It must certainly be carbonic acid, as in burning it must unite 
with rtlother portion of oxygen(4d). This is an inflammable gas, not con- 
taining any hydrogen, such as you told us we should sometimes meet with. 
• Mrs B, Yes, and its history is a yery curious one, as chemists had pro- 
cured and experimented with it for a considerable period before its compo- 
sition was detected. From its appearance in burning they took it for granted 
that it contained hydrogen; but as no water was produced by its combustion, 
*the other evidences of the composition of that fluid were rendered doubtful. 
Few things, therefore, could have gratified the friends^f what was then 
ealled the modern system, more than the discovery made by Mr Cruik- 
Ahanks, of England, that the oxide of carbon was a new species of gas, con- 
taining nothing but carbon and oxyg^(44). 

Car9Une, This gas seems to bejialf burnt charcoal. Can you enable us 
to understand any process by which it can be obtainedi 

Mrs B. Yes, perfectly, I think; there are several such prowtsea, bol 
at present one must suffice. If clean iron filings be heated to redness in a 
«.tube, and carbonic acid be made to pasS through them, the filings will be- 
come oxidized by depriving the acid of a portion of its oxygen, and thus 
reduce it to the state of an oxide. The carbon is, as you would say, in this 
ease, half unburnt(45). 

JEindly, I suppose that the class of carbonates and that of carburets are 
both numerous, as carbon and its acid are so extensively diffased. 

JIfrs B, Carbonic acid, as I have already remarked, combines with the 
alkalies, with several of the earths, and with the oxides of- some of the me- 
tUs. With carbonate of lime you have formed some acquaintance, as we 
have just been usii^ it. Many of its other combinations will soon be men- 
tKcoied; but I shall occupy the remainder of ovg^ time to day with the inter- 
esting class of carburets, and principally with the gases denominated light 
ind heavy carhuretted hydrogen* 

Caroline. Carhuretted hydrogen, like sulphuretted and phosphuretted 
hydrogen, must be very combustible, as both its ingredients are so. Have 
you any prepared, oris it easily made? I should like exceeding^ to see 
it burnt 

Mrt B, This high gratification you enjoy evety day and night of your 
life. The flame of our fires, of our lamps and candles, and the celebrated 
gas lights, are all examples of its eombustion(46). Carbon and hydrogen, 
you already know, are constituents of nearly all animal and vegetable sub- 
stances; but the resins, oils, and fats consist in great part of these two ma- 



il. What observations are made on mixed gases? 

43. Does any gas but carbonic acid conust df carbon and oxygen? 

43. What are its properties, -and what the product of its combustion? 

44. What is the history of its discovery? 

45. By what process may carbonic oxide be obtained? 
45, What is said respecting carhuretted hydrogen? 



*■ - 
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terials. MTlkeneTer sueh subttenees are decomposed, either ^icmtaseoitslj' 
«r by the appliefttion of artificial h^, a nev combination of their eoBsti 
tuents takes place, and earburetted hydrogen i8formed(47). 
• *^ Emily, That ezplalm the nature of flame Tery ■atisfitctorily, as it oon* 
sists of a gas undergoing eombnstion; but I do not see why a gas should eon- 
tinue to issue from our candles, and when once lighted, and bimiintil tiie 
whole of the solid matter is consumed. 

Jtfrt J3, The decomposition is commenced and continued by the sttn* 
oause. Such materials as oil and tallow, when heated to redness, are deeom* 
posed, and a part of their elements assumes tl|e form of a gas, which k 
highly combustible, and which if ignited in presence of oxygen titti conte* 
quently burn(48). In order to light a lamp, or candle, you apply sufficient 
heat to decompose some of the oil or tallow contained in the wick. The gas 
thus produced is lighted as it escapes, and in burning continues to tlipply 
sufficient heat to keep up the decomposition(49). 

Caroline. But such is not the case with the gas lights, as the gas is ear- 
ned in pipes under ground, and kept ready to be lighted at any time, Hoir 
is that managed ? 

^ Mrs B, We have repeatedly bnmt hydrogea at the end of a tube, as ra- 
pidly as it was produced,- but this same hydrogen might have been collected ^ 
in a receiver, and preseryed for years. If oil, tallow, resins, or resinous 
woods be put into a retort, or flask, and heated to redness, the gas, instead 
of being burnt, may be collected and preserred for future use, and tlus i^ 
what is done at the gas works(50). 

Endly, You told us, Mrs B., that carb at ' c t Cc d hydrogen was produced by 
the spontaneous dec&mpositidn of animal and vegetable oqAtter. Now as this 
ivre^^efy where going on, I should have supposed that a sufficient quantity (A 
jthis gas would be mixed with the atmosphere, to take fire from the burning 
of oiu* lamps, or from other combultions.' « 

JIfrsJS. A great number of gases and yapours escape in th6 decay of 
organized substances, which, were they to continue to accumulate, would 
soon render the globe uninhabitable; but that kind Wovidence who has so 
wisely regulated all these operations, disposes of them so as to answer 
many valuable ends, some of which are within the sphere of our observation* 
The gases that are produced by decaying vegetables are, undoubtedly, 
in many instances, decomposed by those that are growing, and become part 
of tbe aliment by which tiiey are nouii8hed(51). 

I have in this bottle a portion of the earburetted hydrogen evolved front 
vegetable matter. - I will pass it up through water, into a receiver, and 
^ow you its combustion. 

Caroline. I should like to know how to collect it, but it must require a 
great length of time, as vegetables decay very slowly. 

MrsB. It exists entangled in the mud at the bottom of stagnant M^aters. 
If this be stirred, bubbles of air will rise to tbe sujififice, and maybe collected 
by filling a bottle with water, placing a funnel in its mouth, and inverting it 
under the surface of the pOol or pond, so that the funnel may conduct the bub* 
bles into the bottle as they rise, when the mud below is disturbed. When 
fuU, the funnel is to be withdrawn, and the bottle corked under water(52). 



47. What substances produce this gas in abundance ? 

48. By whtft means may they be made to yield it? 

49. How is it produced from our lamps and oandles? 

50. How is it prepared and preserved for gas lights? 

51. What is said of its natural prodnctiotf and decomposition ? 
53. How may earburetted hydrogen be collected fix)m ponds? 
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■x I bxn deaorihed, tmd will aow ibov jrou 

■'■ Mad* e/caUecting JJght CarburetledSsiMgenfrim Food; 



CaroSne. But how feebly itbnnji! If oar lampior laadlei gave no 

I more light, they would be but poor lubstitatee for dtj-light, 

Mn a. There ere, Kt least, two well defined ipecies of this pi. That " 
which yon hate jnat leen i> called light caTburetled hydrogen, and itaillil- 
' minating power is T«ry feeble; the other, called heavy carhuretled hydra- 

t gen, borni with intense brilliancy. In most of the prDoeisei by which »B 

I obt^n them, (hey ar* mixed together, and aocordingly ai one or the other 

predominates, the illumination ia more or lesi hnlliant. The heavy oar- - 
boretted hydrogen appear* to contain twice as much carbon, in proportion 
to the hydrogen, as exists in the ligktkind(S3]. 
I Emily. What are the two £uida, Mrs B., which you are ponring Into the 

retort? They do not seem to agree very well together. 
JUrt B. lamaboattoeollectaome beaiy carburetted hydrogen. Theli- 
a quid which I first poured in was alcohol, or spirits of wine, and I am now 

, ' adding, cautioatly, about two or three times its bnlk of inlpharic acid. The 

mixture of these finidi seta fr«e a largo partioD of calorie, and If Bnddealy 
made might break the retort 
* Emilij, How dark the mixed liqnid appein, althongb the articles of 
• which it eonBiBta were both colourleaB(S4), 

> Mra 3. Before we have done widi them, they wilt be much more dark; ai 

what will remainof Ote alcohol will be merely ablaek chareoal. , 

Carelinf. Charcoal in. alcohol ! diatl neverihiMild have guessed. 
Jtfri £. Do yau not know that ereiy kind of ipicit isdistiiiedlrDnlTege- 
table materials, and mnit therefore be formed of lome of th«ir eonstitaenta ^ 
Alcohol, which is merely pure ardent spirit, conaiiti of oxygea, hydrogen, 
and earbont and were the two former materials remoTcd, aothii^ of the al- 
cohol would remain but blaek ohareoal(S5]. . 



S3. 'WhatdifTerentipeBie^are there orthiagaar 
SI. From what materiala may the henry kind be obtained? 
15. What ii remarked respeetina; the eoMlitoanti of alooltolF 
03 
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Car^Une, ^though we hare leen so many examples of the traasibrming 
^effect of chemical combination, the interest and the admiration, if not tlM 
lOrprise, which they excite remain undiminished. 

Alcohol, it seems, cottsists of the materials of which water is formidy bat 
with the addition of a quantity of charcoal. I think that I know some peiv 
sons who would derive advantage from decomposing the alcohol which thej 
use. They might then safely quench their thirst with one portion of it, and 
warm themselves by means of the other. 

J^a JB» Sulphuric acid has a strong attraction for* water, the constituents 
of which exist in the flcohol. When aided by a gentle heat, the attraction of 
the acid promotes their union, and water being thus forBied, the ^ohol ia 
consequently decomposed. It however contains more hydrogen than enters 
into the composition of the water, and this excess, uniting to a part of the car- 
bon, forms the heavy carburetted hydrogen^ the gas which we are now 
collecting* We have thus disposed of the oxygen, hydrogen, and a 
• part of the carbon, of which the idcohol consists; but a large portion of the 
carbon has nothing with which to combine, and remains behind in the form 
of oharooal, finely attenuated and perfectly black(56). 

Emily, But may not the sulphuric acid contribute some part of its con- 
stituents to the formation of the gas? 

J^rs J3. That it does not is evident from the acid not containing either 
carbon or hydrogen; and besides this, the chemist is able to detect the whole 
of the acid afU;r the process has been completed(57). I will now bum the 
gas by allowing it to issue through a tube, and then igniting it. 

CaroUne, What a splendid light! Well may the gas lights be more 
brilliant than*common lamps, if they contain any large proportion of this 
species of air(58). 

J^rs B. The name of oleficmt g'O* was given to this air by its discoverers, 
the Dutch chemists: it was so called by them, because when mixed with an 
equal volume of another gas, called chlorine^ the two condense, and form a 
eoncrete substance resembling oil. You must recollect this name, as it ia 
still frequently used(59). All these carburetted gases are irrespirable. 

Mindly. As the burning of carbon produces carbonic acid, and the bum- 
ing of hydrogen produces water, both must result from the combustion of this 
gas; and, in fact, the tallow of our canAes, and « the oil of our lamps, must 
be converted into watery vapour and fixed air(60). 

J\tr8 B, So I was going to inform yov^ but am gratified at the frequent 
evidences of your reasoning upon, and deducing conseqiences from, the 
facts presented to you. 
Do you know what this wire cage is which I have upon the table? 
Caroline. I think that I have heard you call it the tafety lamp. Is it 
nolthe contrivance which is said to be so wonderfully eflBcacious in prevent* 
ing the explosions that take place in coal mines? Have 1 not also heard it ' 
called the Davy lamp? 

Mrs B, It was invented by Sir Humphry Davy, and is universally ad- 
mitted to be the source of one of the most triumphant victories which science 
has ever achieved by means so simple; disarming of all its terrors a power 
which had frequently, and in a moment, spread death and desolation around, 
and effecting this by the aid of a sheet of wire net-work only (61). 



56. By what action of the materials is the gas produced? 

57. What is observed respecting the sulphuric acid? 

58. What is noticed with regard to its combustion? 
69. Why was this air named olefiant gas? 

60. What is produced in the burning of our lamps and candles' 

61. What is remarked respecting the safe^-lamp ? 
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ON CARBURBTTEB HYDROGS^. '^ 

^ t * . ^ 

In manj mines carbonic acid 18 disengaged in large quantittes, and wh^ ;:'1 

L Ihe miners observe tbat their lights bum dimly, they mast retire, or be in* - 

danger of suffocation: this gas if ca)ledi>y,them choke damp. In coal mineff, 

whatf the miners call ^re dampy which is light carburetted hydrogen, some* * -^ 

times issues yery abundantly from the fissures in the coal, and mixing with ^J| 

the air of the atmosphere, forms an explosive compound, which takes ^ 

fire from the flame of a lamp, or candle, killing the miners, and destroying 

their works{62). Da|vyi however, ascertained that if the flame of a lamp 95^ 

'Hi£re surrounded completely by wire gauze, the meshes of which are fin^bu^ -^' 

«, still sufiiciently open to afford a good light, it might be safely ciirrkd intp^^ 

the most^xplosive mixture(63). ^-' 

Caroline. In looking at the thing, this appears so nnlikely that I ^nnot 

imagine by what train of reasoning Davy arrived at such a conclusion. 

jiJCn B. He arrived at it by die most acute reasoning, founded upoB 
laborious experimental investigation. Wollaston had observed that cxplo* 
y sive mixtures would not burn in narrow tubes, and Davy, pursuing this idea, 

M found Hiat if the bore was very small, the tube might also be made extreme- 

I ly short, and still explosivogases could not be lighted through it. I^v the 

vire gauze may be consideri^d as formed of a great number of such tubes,'' 
the lengt^ of which is equal to the diameter of the wire(64). 

Emily. Yet the gas must pass freely through these openings, and get 
into the lainp. 

Mrt JS. Certainly, and sdmetimes it explodes there without doing any 
harm: at others, the whole interior of the lamp will be filled with flame, the 
wire, will become red-hot, and yet the gas at the outside will not be ignited. 
^^ Jk!^' «£ut what can protect the gas in the mine from being ignited 
^ ♦(j^d-hot wire of the lamp? That seems incomprehensible. 

W'^^ ^Jrar« B. It requires a very intense heat to set fire to the gas; and it has 
A been ascertained that flame, although the light which it emits jnay be feeble, 

J is much hotter than metal even when at a glowing red*heat. A wire thu%^ 

1« heated may be safely put into an explosive mixture, whilst a shred of pape^p^ 
or a single thread, burning with flame, would ignite it(65). 

Caroline. That is so fkr satisfactory, but what can prerent the flame 
». itself from, passing through the meshes? 

■?lfr» B> Flame can only remain ^such at the temperature of inflamma- 
tion, and if you cool it below this, it must be extinguished. Now the wire 61 
the lamp is a good conductor of heiit, and even when red-hot is so mu 
cooler than the fiame, that the latter is extinguished in passing throu 
it(66). This is the theory of the phenomenon as given by Davy, and althoui 
other explanations have been offered, there would be no advantage in o 
; discussing them. 

* , The fact that flame will not pass through a wire^net may be very -^ ^^ - ^^ 

shown. Observe, I hold this piece of woven wire over a jet of burning by- ^ 
drogen [fiif. 1.], and the flame may, you see, be flattened down, but will not ^^ 
r ' pass above the meshes, although the gas pas|es freely through and may be 
] •' lighted above them. 

;' I will now extinguish the flame, and hold the gaoze over the tube as before, 

^' allowing the gas to pass thro«gl»it [fig. 2. ]. You see that I can {light the gas 

above the wire, and yet the flame will not pass down to the tube froni which 
i , it issues(67]. 

■*•' • 

' ' I ■■■ I I III - ■ 

'i. . ■ ^ ■ . . 

i^ 62. What dangerous gases are produced in coal mines? 

C 63. What fact did Davy discover respecting the^re damp? 

64. What observation of Wollastgn ledt to this discovery? 
^ 65. Why does not the heated wire produce ah explosion? 

66. In what way is the' wire gauze believed to operate? 
^ 67. By what experiments is this iUustrated? -^ 
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Safay Lamp. 



Apparatus to thow that Flame viU not pats 
through Wire Oauze, 







^ m 




Fig. 1. Fig. 2. Fig. 8. 

[Fig. 1. Flame depressed by wive ggoae. Fig. fi. Flame prevented from 
descending. Fig. 3. Davy's safety lamp. A, Tube and wire whicb passes 
througb tbe bottom for trimming it. By Spout through which oil is 
supplied.] 

If you eiamine the lamp carefully, the use of its different parts will be 
quite evident. The safety of the miner depends upon his not opening it, 
which he never has occasion to do whilst he is in the mine. There is a 
tube at the side of the reservoir of oil, for the purpose of supplying it; and 
in order to raise or lower the wick, a wire passes through a tube, which it 
fits exactly, and extends Crom the bottom to the wiek(68). 

Emily, This is really an interesting discovery, and there are but few 
things that you have explained from tradoh I have derived equal pleasure 
and information. 

Jlfrs B. There are some compounds of carbon and hydrogen that 
exist in the liquid form. When I exhibited potassium to you, I informed 
you that the liquid in which it was kept was called naphtha^ and that it did 
not contain any oxygen. It is, in fitct, a liquid compounded of carbon and 
hydrogen only, and is therefore a carburet of hydrogen. 

JSmity, Is this a natural production, or is it formed by art? 
* Mrs B, Naphtha is a mineral fluid which exudes from the earth in 
some parts of the United States, in Italy, and. on the banks of the, Caspian. 
A ^rge quantity is, however, now obtained by distilling coal tar, which is 
produced at the establishments where gas is made from pit coal. It Is pro- 
bable that the natural and artificial productions are exactly alike in tbeit 
oompositioni at all events they preserve potasuum equally well, have the 
same odour, and burn with a like brilliant flame. Naphtha is nearly as 
light as ether, which is the lightest liquid known(69). 

There is a curious compound of sulphur and carboq, which may receive 
a passing notice with the other carburets. Carbon and sulphur may be 
made to combine, and to exist in the form of a transparent and colourless 
liquid. This sulphuret, or rather bieuiphuret of carbon is very inflammable, 



68. How is the safety lamp constructed? 

69. What are the constitaents and propertiea of naphtha^ 
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* 

^Mrid to the 'taste, and has a very offentiTe odour* It may be formed hf 
passing the vapour of sulphur over fragments of red-hot charcoal. The fact 
of the existence of tuch a combination is all that would at present interest 
yon in regard to it(70). 

Our subject has detained us rather longer than usual, but jou appear to 
have been too much -interested to think of fatigue/ There are some other 
'carburets which we shall examine, but not at present. I think it necessarj^ 
mirtead of proceeding in a course which might be accouoted more systematic, 
to give you some further information respelHog the alkalies, and to examine 
the earths and metals, after which I«hall explain to you the laws of chemi<* 
oal combination. These aubjects will, I apprehend, fuHy occupy us for 
tiiree or four meetings. I thought that you would be gratified by a know- 
ledge of the course I intend to pursae^ m it may guide you in your prepa« 
FRtory reading. - • . * 



CONVERSATION KVI. 

ON THE ALKALIES. 

Distinguiahing Characters "of the AlkaUet. Fixed and Volatile Alkalies* 
Jpotassa. Soda. Formation of Soap» Caustic and J^ld AlkaUea. Am* 
monia, Sal Ammoniac, JJqtdd Ammonia, Formation of Ammonia b^ the 
decomposition of AmmoL Matter, Carbonate of Ammonia. 

Mrs B, It as no easy matter to make much progress in ibemistry with* 
out acquiring some considerable knowledge of the alkaU^i as, ia consequence 
of their numerous combinations, we meet with them at almost every step of 
our journey. I have therefore thought it necessary on some previous occa- 
sions to call yoUr attention to them, and, before we proceed further^ shall 
give you such other particulars respecting them as may appeiv to me of the 
most importance; and should some^f the facts which have been already 
noticed be repeated, I am not apprehensive thatyou will complain of their 
being made too familiar to you. 

Emily, No, indeed. Madam; we feel very sensibly that' most of them 
will not only bear, but, for our sakes, will need repetition; and tor my own 
part, I am convinced that I should find more to glean in passing a second 
time over the same ground, than I shall have gathered in the first instance* 

Mrs B, Thb AiKALiBs are characterized by a peculiar acrid taste, b^ 
their action upon coloured vegetable infusions, taming the blue tinctures 
green, and by their neutralizing the properties of the acids; with the whole 
of which tikey combine and form Balts(l). Some of the earths so nearly 
resemble the alkalies in their properties, as-Ao have acquired the name of 
alkaline earths: in fact, it is not now uncommon, in systems of chemistry, t0 
omit placing the alkalies in a class by themselves(3). I am convinced^ 
however, that, both in this and other instances, a departure from strict syste* 
matic rules will facilitate your course. 

Formerly the alkalies were said to be three in number, Potabsa, Soda, 
and AxMoifiA; the name of fixed alkalies being given to the two former, 
because they are not easily volatilized, whilst ammonia was denominated 
the volatile alkali, because, in its uncombined state, it exists as a gas. 



70. What ^{i^bination does carbon form with sulphur? 

1. By whatTproperties are the alkalies characterized? 

2, What is observed respecting some of the earths? 
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A third fixed alkiili was discovered a fewjrears agO{ bat as itha« beenfouncl'' 
in very small quantities only, the mere facts of its haying been named 
LiTHiA, and of its agreement with the other fixed alkalies in being a com- 
pound of oxygen with a metallic base, eomj^ise all that I shall say to yoa 
about it(3). 

Within a few years chemists have also ascertained that the actiye properties 
of many vegetable products are in their nature alkaline. The considenitioa 
of these sabstances, however, will belong to vegetable chemistry, as they 
are the result of vegetable orgaolsation, and eontain the ordinary prineiples 
of vegetable matter(4). 

I think, young ladies, that you have a ^istinet recollection of the composi- 
tion of potassa and soda. 

Caroline, We recollect it perfectly, and have frequently eonversed to- 
gether upon the experinient of the burning of potassium upon water; its 
decomposing that fluid to unite with its oxygen, and thus being converts 
ed into potash. The nature of the metallic bases of potash and of soda is 
too intimately associated with the recollection of this experiment foedlS evei* 
to forget4t(5). ' — » 

JMrB JB. The white substance which yon see in this phial is pure Potas*> 
81. It is ve?y difficult t» preserve it in the solid state, as it is extremely 
deliquescent, that is, attracts the moisture from the atmosphere with 
'great avidity; and if the air were not perfectly excluded, it would, in a very 
short time, be actually dis8olved(6). 

Emily, I suppose then that it is always found in a liquid state. 

J\£r8 JB. No: it is never found in nature in a pure uncombined state, but 
exists in a variety of forms and combinations. That which we procure from 
the shops under the name of potash, contains carbonic atid, and is, chemi- 
cally speaking, >a carbonate of potash, or of potiiaaa{7). 

Potash was formerly called the veffetable alkali, because that which is 
tised in the arts is procured from the ashes of vegetables, and principally 
from wood ashes. In like manner soda was called the mineral alkali. These 
names, however, are not merely unnecessary, but improper, as each of theso 
alkalies is found both in the vegetable and mineral kingdoms(8). 

Caroline. I observe that you use tl^ terms potash and potassa to design 
nate the same substance: ought we not to restrict ourselves to one of them/ 

Mrs JB. They are frequently used indiscriminately, as perfect synonymes; 
but by potash is generally intended the impure alkali as we find it in com- 
merce, and by potassa, the pure substance, separated from all foreign mat- 
ter. We shall not, however, strictly confine ourselves to these distino<- 
tions(9). 

Emily. As potash is contained in vegetables, and is so very soluble, I 
suppose it can be separated by soaking them in water. 

jfefr* B. We arc not very well informed of the state in which potash 
exists in most vegetables; for although some of its salts can be obtained from 
the juices of certain plants, it is usually so intimately combined with the other 
Tegetable constituents, as not to be capable of separation until they are decom- 
posed by burning, when its fixed nature causes it to remain behind after all 
the volatile ingredients are separated. The alkali has a strong affinity for oar- 
bonio acid, and therefore combines with a portion of that which is produced 



9. Name the alkalies, and the manner of designating them. 

4. What other alkaline substances hare been discovered? 

5. Of what are potassa and soda composed? 

6. What effect has the atmosphere on potassa? 

T. What is the nature of the potash of sommeree? 

fi. How -were potash and soda formerly distinguished ? 

9 What is observed respecting the terms potash and potassa? 
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hj the eombttstioa of the carbon of the irood, and kenee it it slwaya firai 
obtained in tlie form of a carbonate(lO). 

CaroSne, Of what ingredients do the ashes of bnrnt yegetables consist? 

JIfrs JB. The insolable parts priaeipallj consist of some of the earths and 
tnetallie oxides; and the soluble ingredients are the carbonate of potash, and 
small portions of some other saline sab8tanoes(l 1). By pouring water upon 
the ashes, the salts are disaolyed, irhiUt the insolable portion of the ashes 
remains at the bottom of the Tessel. The solution is then put into iron 
pots, and the water boiled away. When tile evaporation is completed, the 
carbonate of potash, mixed with the other salts, is obtained in a dry state, and 
forms the potash of the shops, which undottbtedlj derived its name from thu 
pots in which it is prepared(12). 

• J'earkuh is the same substance, partially purified. It is also sold under 
thte namee of talt of tartar and mU of wormwood; bat In this case it is 
Qsnally still farther purified from the foreign salt8(lS). 

EmUy, Still, neither of these is potassa: they are carbonates, and 
.^of course we cannot examine the properties of the pure article when com^ 
bined with an acid. In what way can it be deprived of its carbonic ceid? 

JIfro £. I^me has a strong affinity for carbonic acid, and will separate 
.It from potash. For this purpose we take guickiimet that is, lime which 
has been deprived of its carbonic acid. This we mix with a solution of potash, 
and heat the mixture; a carbonate of lime will then be formed and precipi- 
tated, whilst the cauotic potatk will remain in the liqpid, and may be ob* 
tained in the solid state by evaporation(l4). 

CaroUne* Now I understand the ase of lime when soft soap is made, and 
perceive how it sharpens the ley, as the servants say. The water which soaks 
through the wood ashes, and forms the ley, beoomes charged with potash, 
or rather is a solution of the earboaate of potash^ and the addition of quick- 
lime removes the carbonic acid, renders the ley oaostioy and accelerates thp 
formation of the soap(15). 

JUrs B* You will soon, I hope, make a good housewife, and be able 
to superintend the process which you have so well described. Potash and 
soda both form soap when combined with fat, or oils; the former producing 
soft, and the latter hard soap. To cause them to cotnbine with the fatty 
matter, it is proper to render them caustic; as Uteir combination with an 
acid would interfere with their tendency to unite with any other article(16)» 
Some carious information with respect to tlie chemical composition of soap 
I must reserve until we have examined the satora of animal and vegetable 
oils. 

CaroUne, By the mild alkali which you mentioned, it appears that the 
carbonate is intended, and by the cauatiCf the alkali deprived of its carbonic 
acid? 

MroB. Tes, but these are considered as old names. They are, however, 

so expressive of the difference in the two states of the alkali, that they are 

not unfirequently used, and are not likely ta be entirely dismissed. The 

'caustic alkali rapidly corrodes the skin and the flesh, converting them into 



10. What Is said of the eombioation of potash with the other vegetable 
constituents, and of its conversion into a carbonate? 

11. What articles are contained in the ashes of vegetables? 

12. How is the potash separated, and why is it so named? 
IS. By what other names is it known? 

14. How mi^ it be separated from the carbonie acid? 

15. What does Caroline remark concerning the making of soap? 

16. What Aonstitates the diffei«aee between hard and soft soap? 
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a toapj sdbstanee. When mixed with lime, it is nted by mrgeons as m 
caastic, under the name of lapis infemali9{l7). 

With potassa we hare yet much to do, as it not onlj eombinea with all 
the acids, forming a Tery great number of different salts, but it is also an. 
ingredient in many other natural and artificial compounds, and particularly 
in that beautlfal material, glass, which is produced by simply fusing «obi« 
mon sand with potash, or with soda(18). 

Eflu'/y. What an extremely useful substmee is potash! I feel curioat tO 
hear something more respecting the employment of it In making glass. 

J^8 B. You will soon be gratifiedjn this particular, but not until aft^ 
we haye examined the earths tiii^ are concerned in making it. 

We must now proceed to soda, which, howeter important, will d^ain nt 
but a very short time, as, in all its gentt«l properties, it rery strongly re* 
sembles potash. Indeed, so great is their similitude, that they wore long 
unfounded, and they can now scarcely be distinguished, except by thedi& 
ferenoe of the salts which they form with Msids. 

The great souree of this alkali is (he sea, where, combined with « pee«- 
liar aeid, it fomft the salt with which the waters of the ocean are so stroDg* 
ly impregnated. « 

Emily, Is not that titt common table salt? 

Mr* B. The very same; but we must postpone" entering into the par* 
tteulars of this interesting combination, as you are not yet acquainted witk 
Its eonstituents. Soda may be obtained from common salt; but liie 
usual method of procuring It is by the combustion ef marine plants, an 
operation perfectly analogous to that by whidi potash is obtained from land 
▼egetablQa(19). ..•_• 

Emily, From what does soda derive its name > 

Mrs B* From a plant called by us soda, and by the Arabs kaH, wliid 
affords it in great abundance. Ksii has, indeed, giyen its name to the al« 
kalies in general. 

Caroline, If potassa and soda resemble each other so nearly, may they 
not be really, as was formeriy supposed, the same substance, only modified 
by some particular circumstances not well understood } 

Mrs B. Neither you nor I are justified in making such a coi^tare. 
The able chemists who have deroted their lives, not to guessing, but to ex- 
periments of research in their laboratories, must not only be allowed, but 
have a right to decide questions of this sort for those who are only chemists 
of the parlour. Have you forgotten the fact of the decomposition of 
these alkalies, and the difference in the properties o( potassium and sodium^ 
If these are different, as they are the bases of the substances in question, all 
their combinations must necessarily be so likewise. The saline bodies, 
formed by the combinations of each of these alkalies with the same acid, you 
will, in general, find to be very plainly mari^ed with distinctive dtarao- 
ter8(20). 

Caroline, I confeM, madam, that your mild rebuke was well merited; 
80 young a chemist as I am, or rather a mer« novice in the science like mysdl^ 
may well be satisfied to listen and inquire, without offering her own crude 
conjectures. 

MfB B» AiOGDincA, or the yokatxix aikau, must now receive some at^ 
Cent! on. 



17. What is said concerning the caustic and the mild alkalies? 

18. What combinations are formed with the fixed alkalies? 

19. Whence is soda principally obtained, and what is said respecting iti 
SO. By what is the difference between petash and soda proved? 



ON THE ALKALIES. 
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Emii^. I long to hear sometbiog of tkit alkali; is it «ot of the same 
nature as Kartshora? 

Mrs J9. Yea, it is, as you -will see by^aud-bjr. This alkali, being a 
gas, is not found in nature in its pure state. It vas formerly extracted, ez« 
olusively, from a salt, ealled sal ammoniac^ -which -was imported from Am- 
monia, a region of Lybia, from which country the salt and the alkali both 
derive their names. Some of the salt is contained in this bottle; it con« 
, aists of a combination of ammonia and muriatic aeid(2i). 

Caroline, Then it should be called mmiate of ammonia; for though I 
am ignorant what muriatic acid is, yet I know that its combination with 
ammonia cannot but be so called, ana I am surprised to see «aJ ammoniac 
inscribed on the label. 

JkTra B> That is the name by which it has been so long known, that the 
modem chemists have not yet succeeded in banishing it altogether. It 
is still so denominated by druggists, though by scientific chemists it is mor« 
properly called muriate of ammonia. • 

Emily. And how is the alkali separated from this salt, so as to obtain it 
in the gaseous state? 

Mre B, By the same substanoe which separates carbonic acid from the 
carbonate of potassa. 

If equal parts of dry, slaked, naicklime and muriate of ammonia be 
mixed together, and put into a retort, on applying heat the gaseous or to1« 
atile ammonia will be expelled. 

Emily, Then, as the carbonic acid united with the lime in the case of 
potassa, so, in the present instance, what you call muriatic acid must do the 
same, and a muriate of lime be formed(22). 

JifrB B, Your conjecture, or rather your judgment, is correct in this 
particular; and I am happy to find you so well pre« 
pared to trace some of those more comfplex operations Crozeoul Ammonia 
of chemistry to which your attention will soon be collected in an op^n 
•ailed- ^ ^Fkuk, 

Emily, Cannot we collect some of this gaseous am« 
monia by means of the pneumatic cistern? 

Mn B, That would be impossible, unless we were 
to keep the water highly heated, as water at common 
temperatures absorbs this gas very rapidly. If kept 
cold by ice, it will condense about 700 times its own 
bulk. Water, when impregnated with this gas, is call- 
ed liquid ammonia, aqua ammonisBy or spirits of harts' 
Aom(23). 

For collecting the gases which are readily absorbed 
by water, the chemist uses a cistern and receivers, filled 
with mercury; but although I am not provided with 
this apparatus, we can contrive to collect some of 
the gas, as we formerly collected hydrogen, in con- 
sequence of the difference between its specific gravity 
' and that of atmospheric air. The principle upon which 
this operation depends you very well under8tand(24). ' 
Caroline, From the manner in which you have 
fixed the apparatus, this gas, like hydrogen, must be 
lighter than the air of the atmosphere. The materials 




21. What is ammsniay and why was it so named? 

22. How is it separated from muriate of ammonia? 

23. What is remarked of its absorption by water? 

24. In what way is this gas usually oolleeted? 

P 
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irhicli produoe it are contained in the lower Tessel. From these, the heat will 
disengage it, and its levity will cause it to ascend through the tahe into the 
ilask ahove, where gradually aeenmulating, it will force out the commoft 
air and occupy its plaoe(25). 

Emily. I already smell its pungent odonr, just like that of hartshorn, or 
of the volatile smelling salts, which, when not too strong, I think very 
agreeable. 

J\Ir8 B. If we now remove the flask carefully, and immerse its mouth 
in water, the liquid will rapidly ascend, and, 'were no common air mixed 
with the ammonia, the water would completely fill the glass. 

.Emily, Certainly; because the water will absorb the gas, and the prea^ 
sure of the atmosphere will force it up to fill the vacuum which wo«ld 
* otherwise be formed by this absoi^tion(26). 

Pray is ammonia similar in its composition to the fixed alkalies? 

JkTrs B. Gaseous ammonia was first obtained by Dr Priestley, but iti 
composition was ascertained by the «elebrated French chemist Berthollet» 
who diaoovered that it consists of about one part of nitrogen combined 
with three parts of hydrogen. He decomposed it by confining a portion of 
the gas over mercury, and causing a suofession of electrical sparks to pass 
through it: he found that when thus treated, it increased in bulk, lost all its 
odour and its alkaline properties, and tftas actually converted into a mere 
mixture of nitrogen and hydrogen gases. The latest and most accurate ex- 
periments have confirmed this fact, and prove that when these gases com- 
bine to form ammonia, they are condensed into one-half their previous 
volume; that is, could we cause one pint of nitrogen to combine with Ihres 
of hydrogen, they would produce but two pints of ammonia. They do not 
unite, however, unless one or both of the gases is in a nascent state(27). 

Caroline, Has the chemist discovered the mode of manufacturing am- 
monia by causing its constituents ta combine? I conclude that this is the 
case, from your mentioning whence it w&s formerly procured. 

»l/r« B» Nearly the whole of what is now used in chemistry and the arts 
is produced by the combination of its elements. When animal substances are 
decomposed, either spontaneously or by art, among the numerous producta 
which are formed, ammoniacal gas results from the combination of portions 
of their nitrogen and hydrogen with each other. 

Bones, or other solid animal matter, are put into large iron retorts. These 
are heated to redness, and the volatile products conducted through tubes 
into water, where those of them which are susceptible of it are condensed. 
Among these is ammonia in a very impure state, and combined with the acid 
products of the decomposition, but capable, by proper agents, of being sepa- 
rated from them and applied to use(28). 

Emily. Is the volatile alkali equally caustic with the fixed > 

JSIra B. Potash and soda themselves are not alike in this respect, thn 
former being the most caustic; but it is difficult to compare them with am- 
monia, which is a gas. This gaseous alkali, however, irritates the skin very 
much, especially when it touches the eyes, or passes into the nostrils undi- 
luted; and there appears reason to believe that if it existed in a solid state, 
its caustic action would be, at least, as powerful as that of potash(29). 

You have seen one salt, muriate of ammonia, in which this alkali and tli« 
acid exist in the solid form, and yet both of its constituents are gaseous. 



25. How may it he obtained without a mercurial trough? 

26. What experiment is mentioned showing its absorption by water? 
37. What is its composition, and how was this ascertained? 

S8. By what process is ammonia now manofactored? 
89. What is said reipeeting the cftattieity of ammonia? 
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The ume is the oie vilh the carbenale of ammonia, or Tolatile amelling 
ulta, an utiele wilh -wbinh yoa «re funiliar. Whenever Ihe two gasei, 
Esrbanio acid and unmonia, come iato ooatacC vith each other, thej com* 
bine and become Bolid(30]. 

The tnbea from the«e two Baiki pau into the tame receirer. From one 
of them iaauea earbonio acid, Trom the other aiumoniai and the white oloud 
vhichfillsthe receiver is the Ball in que tti on. Thii cloud -will aooneoudenK 
and fbna an incruaiatioa upon the inaide of Ibe glaia(Sl]. 

FarmatiBtt of Carbonate ofAmmnua, 



[Ar Flaak containing quicklime and sal ammoniac B. Flaak with carbo- 
nate of lime and aulpliuric acid. C. The globe into whiob the two gasei 

are conducted and in which they combine together.] 

Caroline. This last experiment Is eqnallj pleaaing and satisfactory, ai it 
BiTorda an interesting eiample of the change of form produced by Aemical 
combination, and gives us some new informalioii reapeeting an old acquaint* 

JKri S. A abort summary of the properties of ammonia is all that time 
will allov me to add, after which ve must diamisa it vilh the certainty of 
meeting it again in other company." 

Ammonia is irrespirable ; an animal immersed in it being immediately 
killed. It extinguishes burning bodies, neiUier of ita constituents being 
supporters of combustion. It ia itaelf combustible, aa it will bam, although 
but feebly, when ignited in contact with atmospheric air; ita hydrogen 
uniting to the oxygen of the atmosphere and forming water, leaiing ita 
nitrogen free. Combining with the acida, it becomes the base of a large 
number of salts. By powerful preaiure, assisted by cold, it can be con- 
densed into the liquid form(33). 

To-morrow we will occupy ouraelvei with au inquiry into the nature of 
the earths, scTeral of which, in their properties, are nearly allied to the 
fixed ^kaliea, and in their composition are known to be analogott) to potaaaa, 
ioda, and lithia. 



SO, What is said of the combination of ammonia and carhonio acii 
81. By what means may the carbonate of ammonia be eolleoted? 
93. Give a Bummarf of the propcrtiei of ai 
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CONVERSATION XVH. 

♦ 

ON THE EARTHS AND SOME OF THEIR COMBIKATIOXS^ 

AND ON METEORIC STONES. 

Alkt^ne Earthj, lime, QuichUme, Slaked Lime. lime-vtUer, 
Carbonate and StUphate 0fZime. lime as a Maavwre, Calcium, Bary* 
ta, or JSarytee, Strontia, Barium an^ Strontium. M[agneHa. Car" 
bonate and Sulphate of Magnema. Magneeium. Silex. Glass, Vitri^ 
Jleation of Eariht. Enamels. SiHcon. Alumina, or Argil Pottery. 
Earthenware and Porcelain, Ahiminum, Zirtoma, Gludna, Tttria and 
Thorina* Jfeteor*^ Ztones. 

Mrs S. The Eabtbs are ten in number. Bj some chemists tbree, 
but more freqmently foor of them, are called alkaline etirths, because they 
possess so many properties in common with the fixed alkalies. The fotir 
to which I allude are Ume, baryta or barytes, strontia or strontites, and 
magnesia. The other five are named silica or sHex, alumina or alumine, 
xirconia or zircon, gludna or glucine, and yttria{l). 

Emily. What we usually term earth, consists of matter, which when 
dry is in fine powder; but I understand that, chemically speaking, the state 
of aggregation is disregarded, and that rodu and stones are considered as 
earths, jmt as much as sand and elay. 

Mrs B. To attempt to define what is meant by the earths is unnecessary, 
and would rather embarrass than aid us; as the different properties by which 
they are distinguished are not possessed in the same degree by the whole 
slasi. • 

The substances which we term earths, constitute the greatest part of the so- 
lid crust of the globe, and%ey are of peculiar interest, 'not only from their 
abundance, but from their extensiye use in the arts. Of the ten which I 
have named, three, gludna, xirconia, and yttria, are very rarely found, and 
two others, baryta and strontia, are s«ircely employed excepting as che« 
mioal agents; so that, as regards the arts, four only are of much interest, 
namely, Ume, magnesia, silica, and alumina{9). 

Rocks and stones generally consist of two or more of these earths, and 
often contain some metallic matter. When we obtain the earths in a state 
of the greatest parity, they are in the form of a dry white powder, without 
amell, and, most of them, without taste. Some are sparingly soluble, and 
others insoluble in water. They are all incombustible, being, like the 
alkalies, products of combustion. Most of them are known to be forined of 
metallic bases combined with oxygen(d). 

Caroline. The soil of our fields and gardens appears then to consist of 'i 
tome of these earths in powder, mixed with decayed animal and vegeta- 
ble matter, to which, of course, it owes its fertility. \ 

Mrs B, The earths form the solid basis of the soil, and enter, though ) 
•paringly, into the eomposiUon of the animals jind vegetables which exist | 
on its eiufaee. The latter of these, however, as you justly observe, derive 



1. Name the earths, distinguishing those called alkaline. 
S. What general remarks are made concerning them? 
3. What it the eonstitution of the earths, and what is said of rooks and 
•tOQei? 
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their prinoipal nutriment from the same materials vhich had preTiOQsly en« 
tered into the constitution of organized heing8(4). 

Placing the alkaline earths the first upon the Ust» we will now inquire 
into the properties of lime. 

Lime is strongly alkaline. ^ In nature it is not met with in its sim- 
e state, but united either with other earths, or with acids. Its affinity 
ir water and carbonicacid is so great, that it is most commonly found 
combined with these substances, -with which it forms the common lime* 
stoncf 'l>at whenever a sufficient degree of heat is applied, it is separated 
from these ingredients, which are volatilized. What is called burning of 
lime, is merely heating it red-hot in a kiln, in order to drive off these in- 
gredients, which amount to half the original weight of the 8tone(5). 

Iknilif, QuickUme, then, is nothing but lime-stone, which has been d«« 
prived, in the kiln, of its water and carbonic acid ? 

Mrs B, Precisely. QuicMme is so caustic, that it is capable of decom* 
posing the dead bodies of animals very rapidly, without their undergoing the 
process of putrefaction. I have here a lump of quicklime recently prepared, 
for had it been long exposed to the atmosphere, it -would have absorbed 
moisture from it, and have become slaked. Here is also some common 
unburnt lime-stone — we will pour a little luter on each, and observe the 
effects which result from it » ^ 

Caroline. How the quicklime hisses! It has become excessively hot!— 
It swells, and now it burstsand crumbles into powder, while the water ap« 
pears to produce no kind of alteration on the lime-stone(6). 

Mrs B, Because the lime-stone is already saturated with water, whilst 
the quicklime, which has been deprived of it in the kiln, combines with it 
with very great avidity, and produces that great disengagement of heat, the 
cause of which I formerly explained to you: do you recollect it? 

Emily. Yes; y ou said that the heat did not proceed from the lime, but from 
the water, which was soUdiJied, and consequently parted with its latent heat. 

Mrs B, Very well. If we continue to add successive quantities of wa- 
ter to the lime, after being slaked and crumbled, as you see, it will then 
gradually be diffused in the water, and form a pasty mass. Were we to con* 
tinue to add water, the lime -would at length be dissolved in it, and entirely 
disappear; but for this purpose it requires no less than 700 times its 
-weight of water. This solution is called lime»toater{7), 

Caroline, How very small, then, is the proportion of lime dissolved! 

JW^s B' The liquid contained in this bottle is lime-water: it is often 
used as a medicine, chiefly, I believe, for the purpose of combining with, 
and neutralizing, the superabundant acid which it meets with in the stomach. 

Emily, I am surprised that it is so perfectly clear: it does not at all 
partake of the -whiteness of the lime. 

Mrs B* Have you forgotten that, in solutions, tlie solid body is so mi- 
nutely subdivided by the fluid as to become invisible, and, therefore, will 
not, in the least degree, impair the transparency of the solvent? 

The attraction of lime for carbonic acid is so strong, that it will absorb 
it from the atmosphere. We may see this effect by exposing a glass of lime- 
water to the air: the lime will soon separate from the water, and form a 
white film upon the surface, which is carbonate of UnWf and perfectly simi- 
lar to common chalk{S)» 



4. Of what are the earths said to form eonstitaent parts? 

5. What is observed on tlie subject of lime and its carbonate? 

6. What is meant by quicklime, and what effect does water prodoM Upon it? 

7. If more water is added, what would eventually ooeur? 

8. What is lime-water, and what effect has air upon it? 

P2 
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Carobme. The white fOm begins already to appear oa the <ilrA»e c^ Htm 
water; bat it is fiur from resembling hard solid chslh^ 

Jij^g B. That is owing to its extreme tennAj: m a little time it will 
collect into a more eompact mass, when, upon the sligjhtest agitation, tiie 
film will break a^d sabslde to the bottom of the glass. 
( If you breathe through lime-water, the earbonie aeid, which is mixed 
with the air that you expire, will produee a similar effect. It is an experl* 
ment yery easily made:— I will poor some lime-water into this wine^^sa, 
and, by breathing repeatedly throagh it by means of a glass tnb^ you will 
soon pereeiTO a milky appearance in the water, and a precipitaUon of ear* 
bonate of lime. 

JSm»/y. I see already a small white eloud formed. 

JUTS JB, It is eomposed of minute particies ef chalk: these at preaeat 
float in the water, but they will soon sttb8ide(9). 

Carbonate of lime, you see, is msoluble in water, sinee the lime which 
was dissolved reappe«>s when converted into a carbonate; but you mutt 
take notice of a very singular circwnstance, which is^ that chalk is soluble 
ia water highly impregnated with carbonic acid. 

CaroUne, It is Tery curious, indeed, that carbonic acid gas should reiH 
der lime soluble in one instan^, and insoluble in the other! 

Mrt B. I have here a boflk of soda water, which, you know, is strong* 
ly impregnated with carbonic acid; let us pour a little of it into a glass of 
lime-water. You see that it immediately produces a preoipitatioa of car- 
bonate of lime. 

Smly, Yes, a white cloud appears. 

JUrt B. I will now pour an additional quantity of the soda water into 
the lime-water.— • * 

Emily. How singular! The cloud is re-dissolyed, and the liquid is again 
transparent( 10). 

J^rt B. The mystery will disappear, if it be admitted that the carbonate 
of lime is soluble in carbonic acid, whilst it is insoluble in water. The first 
portion of carbonic acid, which I introduced into the lime-water, was all 
employed in forming the carbonate, and of course there was none left to dis- 
solre it, but an additional quantity of carbonic acid effected its solutiott(ll). 

Caroline, That is easily understood, and quite satisfactory. You fbr- 
xnerly mentioned that marble was a species of lime-stone, and I know that, 
in some places, it is burnt in kilns to make quicklime. I hate likewise 
seen oyster-shells used for the same purpose: sre th^ too carbonate of lime? 

J^ra B* They, and the shells of other fishes, consist principally of carbo- 
nate of lime, but also contain phosphate of lime: they are therefore less pare, 
and make a weaker mortar than most of the lime-stone8(lfi). You aore 
aware that the mortar and plaster used in building consist of quicklime and 
sand. These two substances gradually harden, and, in the lapse of years, 
become like stone. It is for ^s reason ti&at the mortar is extremely hard in 
old buildiogs: in them the lime has gradually been reconverted into a car- 
bonate by absorbiag the carbonic acid of the atmosphere(lS). 

JSmt7y. Is not plaster of Paris a kind of lime? I know it is used with 
water much in the same way, when the plaster figures are made of it. 

Mrs B. Phtfter of Paris is a •uiphate of time, which is found in great 
abundance in many places. The city of Paris is almost entirely built of, 



9. Detul the experineat of breathing throagh lime water. 

10. What is the &et respecting the solubility of carbonate of lime> 

11. In what way is this ascounted for? 

12. What is said respeating marble and the shells of fishes? 
IS, What occasions iha ha^hiess of mortar in old buildings? 
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and fiMUided npon ft» md from that plsee it has derived its^moBt eoinnon 
pame, bat it is also called gypsum. In preparing k to be used as a cement^ 
or moitar, or for makisg plaster oasts, it is heat^, whieh sepsirates a quan* 
tity of water from it, but does not drive off its aeid. When this calcined 
pkuteTt as it is called^ is Mixed up with a quantity of water saffieient to 
.^▼e it the consisteaee of eream, it may be poured into moulds, and will 
Ikarden into a kind of stone in a very few miBntes(l4). 

CairoUne* Bat what beeeaaes of all the water in this ease; it cannot dry 
so rapidly? 

Jkin B* Do yott not recollect Uie fact as regaris lime, that water com* 
bines with it, forms a hydratey and becomes s(^^1 Such is the ease with the 
sulphate of lime; there is a tr«e chendcal combination between it and the 
water, just as th^re is in Itme-atone, and in a large number of other 
8olids(15). 

Emily, Are the carbonic and sulphuric acids the only ones with whieh 
lime is naturally combined in the euth? 

JIfv B» No, bat there is only one o4lier, wbich we shall examine, and 
that not at present; it is the beautiful Derby9hire spar, which is a Jluate of 
Unte. This and some otlier cMnbinations of lime remain to be noticed • in 
their proper places. 

Caroline. I have seen lime, oyster shells, and plaster of Paris spread 
over the land to render it fertile. In what way do they operate ? 

J^^ B' QatdLlime^ the carbonate, aiid the sulphate of lime, are each 
employed as manures. The former is supposed to render active the inert 
vegetable matter which may be in the soil, by promoting its decomposition; 
the two latter appear to stimulate the plants^ as they enter into their sub*« 
stance, and can be detected in them by chemical analysis. We, however, are 
much better acquainted with the yac# of their promoting vegetation, than w« 
are with the cauaeoi their doing so(t6). 

Cwrotine, I am not quite certain, but I believe you informed us that 
lime had been decomposed. 

Mrs M^ It has; and it yielded oxygen, and a white metal with the lustife 
of silver, to which has been given ^e name of eAKCiro, lime itself being 
known by that of calcareotu earth. This metid has been obtained in very 
small quantities only, and cannot be preserved, as its affinity for oxygen 
causes it to combine with it very rapidly when exposed to the atmosphere, 
and thereby to reproduce oscide ofcaMumy Hmt is, quieklime(17). 

I shall now say a few words about baryta, or barytee as it is more fre- 
qnently called. 

£mly. May I not repeat tfie question put by Caroline, when you were 
treating of the alkalies, and ask, if it would not be better to reject one of the 
names which you have mentioned, so as to preserve uniformity in this respect? 

Jkirt B. The attempts at producing uniformity, have actually introduced 
diversity, as names long used are not easily changed. It has been thought 
.^t the names of the alkalies and earths ought to have a similar termination^ 
and that in a, has been preferred: hence potaeHt, for potaah^ baryta for ba» 
rytesi and so of all the others, with the exception of Hme, which would not 
conform to this arrangement without offering too great violence to a word so 
familiar. As this termination in a is not nEdftsnaly followed, I shall occa* 
sioaally use the more common, as well as &e more systematic names(18)* 



14. What is plaster of Paris, and how Is it prepsred and used? 

15. What becomes of the Waiter with which it Is mixed ^ 

16. What is said of the ase of lime as a mamtre? 

17« Has lime been decomposed, and of what does it consist? 
18. WhstissaidofthenenMnslntareeCtheeaiafI 
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Babxtu is Terf nearly allied to lime in its properties. In the form of a 
aalphate it is n pretty abundant mineral; in that of a carbonate it is bat 
sparingly diffused. It is remarkable for its great weight, niueh acquired for 
it its former name of terra ponderota^ ot heavy earth. 

It can be rendered caustic, and vill slake like lime; but is much more 8oI« 
nble than that earth, water taking up about one twentieth of its own weight* 
Its solution, and that of its salts are Tirulent poisons(19). 

BaryHc •aaier^ that is a solution of baryta in water, is kept as a test by the 
chemista It forms an insoluble salt with carbo^^c acid, and has so strong an 
affinity for it that it will separate it from nearly all its combinations. A drop 
of this water when let fall into a carbonate in solution will instantaneoasly 
produce a white cloud of carbonate of barytes(SO). 

Another alkaline earth was discoyered some years ago, at a place called 
Strontian, in Scotland, whence it is called STBOirTiJi, or stroittitss. It so 
strongly resembles barytes in its properties, is so sparingly found in nature^ 
and Si so little use in the arts, that it will not be necessary to enter into any 
particulars respecting it. One of the remarkable chuacteristic properties of 
strontites is, that its salts, when dissolved in spirit of wine, and the liquid 
set on fire, communicate to the flame a tinge of a deep red, or blood colour. 
In its native state it exists either as a sulphate, or a carbonate. It is poi- 
Bonous, but less so than barytes(21). 

Both baryta and strontia have been made to yield metallic bases, re* 
tpeotively called bamum, and ST&oVTiTTm. Both greedily absorb oxygen and 
return to the state of ozide8(22). 

CaroUne, I confess, Mrs B., that I do not find the history of the earths 
half so entertaining as that of the simple substances, and their combinik- 
*tions. 

Mini jB, I presume not, but recollect that the beneficial object of our 
meeting is not entertainment, but instruction; and that however desirable it 
may be to combine the two, the latter must never be sacrificed to the for- 
mer. The earths form the basis of so many interesting and important com* 
pounds, that to omit them would be to leave a veil over other parts of the 
science of chemistry, which would render them completely obscure. 

The next earth to be considered is icaonxsia. 

CaroUne, I am already pretty well acquainted with that earth, firom its 
use as a medicine. 

Jtfrs JS. It is employed medicinally both in the state of a carbonate, and 
In that usually called calcined magnetia. It is then, in fiict, simple magne* 
sia; the yater and carbonic acid having been driven off from the carbonate 
by heat. This earth is rery insoluble, requiring flOOO times its weight 
of water to dissolve it; but with most acids it forms extremely soluble salts. 
It has not so great an attraction for acids as lime has, and consequently 
yields them to the latter. It is found in a great variety of mineral combiaa* 
tions, such as slate, mica, amianthus, soap-stone, and in certain lime-stones^ 
to which it imparts peculiar qualities. It does not, like lime, attract and 
solidify water; but when mixed with water and exposed to the atmosphere, 
it slowly absorbs carbonic acid from the latter, and is thus reconverted intD 
a carbonate. Its chief use in medicine is, like that of lime, derived firom its 
readiness to combine with, and neutralize, the aeid which it meets with in 
the stomach (23). 



19. What is the nature, and what the properties of barytet} 

90, Of what is barytic water a delicate test.' 

Si. What other earth strongly resembles baryta? • . / 

SS. What is the eonstitution of these two canbs> 

83. What is said of magncna and ht propcctica? 
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Yet» yoa laid that it was frequently taken in Ae state of eart>o<» 
nate, in whieh case it is already united widi an acid; hoir then ean it neu* 
tralice the acid in ^e stomaeh } 

M*9 B. Became the earbonie acid stands so low in the order of affinitlesy 
that it will yield the magnesia to any of the others. It is, howerer, now 
most commonly tidcen in its calciBed state; as it is not, like lime, rendered 
eaustieby calcination. Combined with snlphnric acid, magnesia forms ano- 
ther and more powerftil medicine, commonly called Epfom soli. 

CaroHne* And properly, aulpjuae rf ma^fftetia. Pray, how did it ob* 
tain the name of £p«om salt^ 

Jl€r9 B» Because there is a spring in Ihe neighboarhood of Epsom, in 
England, which contains this salt in great abundance, and from which it 
was originally procured. It is now, howerer, extensively manufactured fh>m 
minerals which contain magnesia; and also from the watered <iie ocean, in 
which it is always found(£4]. 

Magnesia is decomposed with difficulty, but Sir Humphry Davy succeed- 
ed in procuring a minute portion of its base, which exhibited metallic pro* 
perties, and received the name o( MJag^nesium. 

You are aware, I believe, of what the chemist meanslqnt^iLicA, or Sicex, 

Caroline, I understand the term eilcx, to h*^ynonymonsVith tandg but 
•till it does not seem that sand can be a pure, individual earthy as any pul* 
Terized hard stone would assume the appeavance o^ sand. 

JIfn JB. Although what is commonly called sand is not pure silex, yet 
that which is found in the beds of our rivers, and ont^e sea shore, is nearly 
80. The other earths, being lighter, are n^ashed out from the silex; at 
firom beingj to a certain extent, soluble in water, are gradually* dt88olved(S5). 

SUex, or Si&ca, abounds in rock-crystal, flint, sand, sand-stone, agate, 
Jasper, cornelian, and many other mhierals, and it fotm* the bnlia of soifte of 
the preciotts stones. It is rough to the touch, and so hard that it scratches and 
wears away glass, metals, and stones. It is not soluble in water, nor is it ao- 
ted upon by any acid excepting the jfhioric(96), 

Emily. Pray what is the true colour of silex, which forms such a variety 
of different coloured substances > , Sund is brown, flint is nearly black, and 
precious stones are of all colours. 

Mrs B, . Pure silex, such as is found only in the chemist's laboratoiy, is, 
like the other earths, perfectly white; and the various colours which it a»> 
iumes in the different substances you have just mentioned, proceed from 
the different ingredients with which it is combined in their formation. 

Caroline. I wonder that silex' is not more valuable, since it l^rms the 
basis of some of the precious stones. 

J^re B, You must not forget that the value we set upon precious stones 
depends in a great measure upon their rarity; for, were those productions 
either common, or perfectly imitable by art, they would no longer, not- 
withstanding their beauty, be so highly esteemed. But the real value of 
•ilicious earth, in many of the most useful arts, is veiy extensive. Mixed 
with clay, it forms the basis of all the various kinds of earthenware, from 
the most common utensils, to the most refined pmameuts of china or por- 
wlaiD. ' 

EmUs, And we must recollect its Importance in the formation of glass 
With potash and with soda, which jou incidently mentioned; and likewise its 
use in giving hardness to mortar, and other cements(27). I hope that 



fl4. What is Epoom ioU, and how is h procured? 

85. What is intended by tiSea, or slfear.? ^'^ ' 

86. In what is it •ontained, and in what is ft soluble? 

87. What IS raeutioiied res p est ing the varkms tues of sQcx? 
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ol>taiiiecl, trhich has been ealled siucoir. It possesses no claim to l>e ranked 
ivith the metals, as it is M'ithout lastre, does not burn in oxvgen gas, and is 
not a conductor of electricity. 

Caroline, Then at present we must be content to know what silex assists 
to make, and leave tn future discovery a knowledge of the articles of which 
It is itself composed(34). 

J^ra B, Aluhika, or jliumibte, called also argil and argillaceoua eai^, 
is that substance which communicates the character by which the various 
kinds of clay are distinguished from the other earths. The name alumina 
is derived from alum, a salt of which it forms the base, and from which it 
may be readily separated in a pure state(35). 

Alumine is contained in a great number of minerals, but is found chiefly 
in clay, mixed with silex, and usually coloured by the oxides of some of 
the metals. In its pure state it is soft to the touch, makes a paste with wa- 
ter, and hardens in the fire; which properties you perceive that it retains in 
its state of mixture. It is impervious to water, and from this circumstance 
- is one of the most useful of the minerals. The beds of our lakes and rivers 
are formed of clay, and thus their waters, which would percolate through 
sand, and all other earthy materials, are retained. By its means, water is ac- 
cumulated in the caverns of the earth, producing those reservoirs whenco 
issue the springs, which spout out upon its surface(36). 

Caroline, Then it is for this reason that clay was brought from a consi^ 
derable distance to line the bottom and sides of the canal, where It passed 
through a sandy soil. 

Mrs B. Yes, and this process is esMe^ puddUnff, Sometimes puddling is 
necessary for many miles together, and is essential to the value of the work, 
as without it the water would, in some places, sink away as fast as it could 
be let in. 

From this retentive property, as regards water, clay is an important ingre^ 
dient in sandy, loose soils; as it retains a sufficient portion of water to render 
tfaem fertile(37). 

Alumine is the basis of every kind of pottery, entering into the composi- 
tion of brick, as well as that of the finest porcelain. The addition of silex 
hardens it, renders it susceptible of a degree of vitrification, and makes it 
perfectly fit for its various purposes. Indeed without this, the clay would 
contract so greatly in baking that the articles made would lose their form. 
The silex is said to give them body. 

Caroline, I can scarcely conceive that bricks and china should be made 
of the same materials. 

Mrs. B* Bricks consist almost entirely of baked clay; the clays used 
containing a large portion of coarse sand in a state of mixture. But to 
the clays used in the formation of earthen or stone ware, a portion of silex 
is nsuUly added. For porcelain, or china, the Chinese use a mixture of 
two earths, called by them petuns^, and kaoUn, Similar earths are found 
both in this country and in Europe, and very fine porcelain manufactured 
from it. The materials are essentially the same as for the coarse kind of 
vare, but they are in a more pure and a finer state. Porcelain owes iti 
beautiful semi-transparency to the eommeneement of vitrification(38). 

Emily, But the commonest earthenware, though no^ transparent, is eo» 
^red with a kind of glazing. 

3i. What is remarked respecting its decomposition? 

35. What is alumina^ and what are its other names? 

36* What is said of its combinations and properties? 

97* Cl«y is retentive of moisture; what is said respeeting this? 

38. Whit u renarked respotttiDg pottery Mild poroeUia? 
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J(/ir9 B* That is as neeetearj to the use as to the beauty of the urare^ 
as it would be- liable to be spoiled and corroded by a yarietj of substan- 
ees, if not covered with a coating of this kind. In porcelain it consists of 
a fine white glass, formed of such materials as are susceptible of yitriiica- 
tion. The glazing of common earthenware is made chiefly of oxide of lead, 
or sometimes merely of salt, which, when thinly spread over earthen Tes- 
sels, will, at a certain heat, combine with a portion of the earthy material, 
and run into glass(59). 

Caroline. And of what nature are the colours which are used for paitit« 
ing on porcelain? 

J^rs B* They are all composed of metallic oxides; so that these colours, 
instead of receiving injury from the application of fire, are strengthened and 
developed by its action, which causes them to undergo different degrees of 
oxidation, according to their natures(40). 

Alumine and silex are not only often combined by art, but they have in 
oature a very strong tendency to unite, and are found contained, in different 
proportions, in yarious^ems and other minerals. Indeed, many of the pre- 
cious stones, such as the ruby, oriental sapphire, and other oriental gems, 
consist chiefly of alumine(4l]. 

JEmily, Is alumine known to be a metallic oxide? 

J^rs B, It has been proved, unequivocally, to be an oxide; and the alu* 
XTirvM obtained from it exhibited some of the metallic characteristics. It 
was in the form of a grayish powder, difficult of fusion; but in oxygen gaa U 
burnt very brilliantly, and produced alumine(42). 

Emily, The other four earths you spoke of as being very rarely found, 
and I suppose therefore that but little is known of their properties. - 
. J^rs B, ZiBCONiA has been discovered in a precious stone called zsrco« 
or jargon, from Ceylon: it has also been found in the hyacinth. Glucista is * 
found in the beryl and the emerald; tttsia, in two or three minerals 
from Ytterby in Sweden, but not in any others. THomsri,, in one minend 
only, in Norway. The experiments performed upon them have fumishe4 
satisfactory indications that they are all of them oxides(48). 

Caroline, There is> a kind of stone which has excited much attention, 
and respecting which I should like to learn something. Whether it may Ite 
placed among the earths or not, I cannot tell, as it appears to belong to the 
heavens, or to some other world than this: I mean the stones which have, in 
so many instances, been known to fall from the atmosphere, or elsewhere. 

JSIrs B, These meteoroUtea, or meteoric stones, have completely puzzled 
the philosophers, and will probably continue to do so. Even the fact of 
their having fallen was disputed for ages, although attested most ^tisfacto* 
rily in the records of ancient and modern times. In moili inslanees their 
fall has been preceded by a fiery meteor, and a loud explosion; immediately 
after which they have been seen to descend, some times singly, and at other* 
in considerable numbers, and extending over a large space. When they 
have been examined soon after their fall, they have always been found hot. 
There is a remarkable similarity in their composition, in whatever quartet 
of the globe, and at whatever period of time, they may have fallen. Another 
curious circumstance distinguishes them, and that is they do not resemble 



S9. How is the glazing of these articles effected? 

40. What colours are used in painting on porcelain^ 

41. Mention some of the natural combinations of alumine. 

42. What information have we concerning its composition.^ 

43. What is observed respecting the remaining earths? 
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either of the known mineral substances on the face of the globe, idthough 
all the materials of which they consist are familiar to us(44). 

Umily, And of what sabstanees are they composed } 

Jlfr< B* Their earthy matter consists of silex and magnesia, and they 
contain* iron, in a native state, in the form of oxide, and in that of a sulpha* 
ret. This iron is always accompanied by another and a rare metal, cdled 
chrome, and generally with a considerable portion of a third, named 
iuckel(45). 

Caroline. I suppose that we might as well inquire of the poets as of the 
philosophers, how these stones are formed, and whence they come; as the 
philosopher, to obtain his answer, would have to invade the province of the 
poet, and mount into the airy regions of imagination. 

Mrs B. Some have supposed that they are ejected from volcanos in the 
moon, with a force which brings them within the sphere of the earth's attrae* 
tion. Others have imagined that the materials o( which they are composed 
are volatilized by some mysterious process; that in their combination in the 
atmosphere they form the fiery meteors which precede their explosion; and 
that their heat originates in the condensation of their vaporized constituents. 
Fancy has also created little globes, revolving round our earth, within the 
sphere of its attraction, but too far off, and too small, to be visible. The 
collision oj> bursting of these terrellas, or little earths, has been thought to 
explain the phenomenon(46). Either of these opinions, when investigated, 
appears to be fraught with insurmountable difficulties, which I will not in* 
crease by any crude conjectures of my own upon a subject which has con- 
founded the wisdom of the wise(47}. 



CONVERSATION XVIIL 

ON THE METALS IN GENERAL. 

J^umber ofMletcUa known. Their distinguishing- Characteristics. Ores 
and native Metals. Boasting, Smelting, and general process of Reduction. 
Oxidation and Reduction of the perfect Metals. Oxidation and Solution by 
Acids, with the formation of Salts. J^omenclature of MetdlUc Oxides. 
Alloys of Metals. Malleability and Ductility. Soldering. Welding. 
Combustibility of Metals. Gas holder. Harems Oxy-hydrogen, or Com^ 
pound Blowpipe, Combustion, Ftision, and Ignition produced by it. Modi» 
fication of the Blowpipe, by condensing the Gases, Metallic Sulphurets 
formed with extrication of Light and Meat. 

Mrs B. The mbtals contained in the alkalies and earths, were all new 
to you, and beside these there are a number of others, which, though known 
to the chemist, are so sparingly diffused, or so rarely obtained, that you will 
most probably never see them. Those however to which our pnncip&l atten- 
tion will be given, are familiar to you, being amongst the most useful as well 
as the most brilliant substances with which we ar^ acquainted. 

Caroline. To say the truth, I seem to be ali^ady so well acquainted with 
them, that, from furUier inquiry, I anticipate but little graUfioation compared 



44. State the nature and the history of tneteorolites* 

45. Of what materials are they found to consist? 

46. What opinions have been entertained in regard to their origin? . 

47. What renuurk it made eoneeming these opinions? 
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vitli that which ve haye received from the contemplation of some of thoM 
mysterious and intangible beings, of whose properties, and indeed of whoatt 
▼ery existence we were previously ignorant. 

Mrs JB, There is a great difference between familiarity with a counter 
nance, and an intimate acquaintance with a character: we must close ont 
ejes to avoid the former; to acquire the latter, we must exercise some of th« 
noblest powers of our nature. You have already met with metals where yon 
least expected to find them, and acquired a knowledge of properties in thedk 
of which you could have had no previous conception. The alkalies and the 
earths have presented us with a number of such bodies, and, believe me, j<m 
have yet much to learn respecting those whh which you imagine yourself the 
most familiar. To treat of them fully would require more time than we caA 
devote to the whole subject of chemistry, and we must therefore confine oup* 
selves to a cursory view of their properties, whether examining them eol* 
lectively or individually. 

The whole number of metals known to the chemist amounts to about forty. 
Of these, seven only were known to the ancients, namely, ffoldy silver^ irony 
copper^ fnercunff leady and tin. The others have all been discovered since 
the fifteenth century (1). 

Emily, Is there any other property by which the metals are distinguished 
from other bodies, excepting that peculiar lustre which they exhibit when 
Tubbed bright, and, if we are to judge by this alone, may we not sometimes 
be deceived? 

Mr9 J3. Although the metallic lustre is the principal immediate eharae* 
teristic of the metals, it is by no means the only one; their distinguishing 
features are the following: 

They are all good conductors of ealoric and of. eleetricity. When their 
eombinations with oxygen, sulphur, or similar substances, are submitted to 
the action of galvanism, the metals are always attracted by the negative pole 
of the battery; and for this reason they are denominated electrO'positive bodies. 
They are in general good reflectors of light, which arises from that peculiar 
lustre which you have mentioned, and they are opake. Any substance pos* 
teasing all these properties may be ranked as a metal(2). 

Emily. Yon have not mentioned their great weight; are they not the 
heaviest bodies in nature^ 

Mrt B. Until the discovery of the bases of the alkalies, great specific 
gravity was ascribed to the metals, all those previously known being heavier 
than any non-metallic substance; but the lightness of these alkaline bases 
proves that this is not an essential characteristic of the metal6(S). 

A lustre resembling that of the metals is sometimes seen where we are 
oonvinced that it does not result from their presence. The brilliancy and 
eolour of gold and silver are frequently exhibited on the wings of the moth, 
end on the body of the caterpillar, as well as on that of some other insects. 
There IS also a class of mineral bodies called pyriteSy which possess a lustre 
resembling that of the precious metals. These substances are metallic sulpha- 
rets; such as iulphuret of iron, or iron pyritet, ntlphuret of copper^ or coj>- 
perpyrite$, and nilphuret of tiny or tin pyriie8{^). 

Caroline, But it would seem, then, that these are not exceptions, as they 
tare actually metallic substances. 

Afrt B, By heating these sulphurets on a hot coal, a portion of the sul- 
ptiuris 8ul)limed, and a brown earthy mass alone remains; but although this 



1. What is said respecting the number and the discovery of the metals? 
£. What are tlie distinguishing characteristics of the metals? 
d. What remarks are made on the subject of their great specific gravity? 
4. What articles possess a lustre resembling that of ^e metals? 
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BU18S eontains tbe vhole of the metal, it is without lustre. It is plaio^ there- 
fore, that the metallic appearance is derived from the presence of the sulphury 
or rather from the peculiar eomhination of the sulphur and the metal. 

Caroline* The ores of many of the metals appear yery heautiful in ca- 
binets of minerals^ in vhat state of eomhination do the metals usually exist 
in these ores^ 

Mr9 B* In a great variety of states ; but they are generally conf- 
bined with oxygen, sulphur, earths, or acids, and there are frequently two 
or more different metals contained in the same ore. The ores are found near 
the surface of the earth in most parts of the worlds hut chiefly in mountain- 
ous districts, where the ground has been disturbed by earthquakes, Tolca- 
mos, and other convulsions of nature. They are usually spread in strata or 
beds, called veins, and these veins are composed of a certain quantity of me- 
tal, combined with such articles as I have named, which are called mine' 
raUzera* Thus, speaking of a sulphuret of lead, we may say that the lead 
is ndneraUxed by sulphur. The metals, son^etimes, have no mineralizer, 
but are found in the pure metallic state, and are then called native metals(5). 

JEindUf, These mineralizers are so different from each other, that the 
metals must necessarily be separated from them by very different methods. 
I have often heard of the roasting of ores, but do not understand what is 
Bieant by it, and whether it is always necessary, and with every kind of ore. 
- JIS:*9 B» The process of extracting a metal from its ores is called nssvo- 
^loar. All that I can give you of the modes of procedure in this operation 
will be but a faint outline of its general prineiples(6). Or^s are roasted^ 
io separate sulphur, or other volatile articles from them. Roasting usually 
consists in placing the ore upon fires of wood, or coal, in the open air, and 
thus heating them to redness. But there are many ores, particularly the 
exides, which do not require to be roasted(7). 

The next operation is called ameUingy that is melting out the metal froin 
the ore. For this purpose it is put into a furnace with charcoal; the fuel and 
the ore being mixed together. The fire is then lighted and the whole 
mass intensely heated. The affinity between oxygen and carbon, wben^he 
latter is at a red heat, is such, that if the ore be an oxide, the cai'bon de- 
prives it of its oxygen, and brings it into the metallic Btate(8]. 

Emily, You have shown us that iron and some other metals, when highly 
beated, combine with oxygen, and become oxides; I do not see, therefore, 
how, by the same operation, these same oxides should again lose their oxygen, 
tnd become metals. 

Mra JB. The cases are very different. When iron, Iflid, and many 
other metals are heated in atmospheric air, they attract its oxygen, and be- 
eome oxides. If they were perfectly surrounded by red-hoMdiarcoal, this 
would protect them from oxidation, in consequence of its own superior affi- 
nity for oxygen; and in the process of smelting, the same superior affinity 
of the heated charcoal enables it to deprive the oxides of their oxygen, and 
thus to reduce them to the metallic state. 

Caroline, Then the charcoal not only absorbs the oxyg^ of the air 
which feeds the fire, but that also which is contained in the oxide8(9). 

Jfra B. It does, and of course becomes converted into carbonic acid. 
Oxide of iron requires a heat too intense for us to attempt to reduce it; 
but we can easily operate upon the oxide of lead. Common red lead is an 



5. In what combinations and situations are the metals found? 

6. What is meant by reduction as applied to a metaU 

7. What is roaaUng^ and for what purpose is it resorted to? 

8. What is meant by amelHngj and how is it effected? 

9. In what way does charcoal operate in the process of reduction ? 
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oxide of diat metal, and were we to mix a poitiaii of this oxide with y d peg ^ 
azed eharcoaly grease, or a&y sidMtaoee eoatauung moeh earbon, aod heat 
them ia the fire lo a eommon tohaceo-pipe, the lead woold be redoeedy and 
might he poured out in the metallie •tate(10). 

Caroline. That we can Tory eaaU/ tiy, wheo we hare a tobaeeo-pipei I 
will get one presentlj. 

JIfrt B* We caa try a similar experiaaent immediatelj, with one of theae 
red wafers. Common red wafers eonsist of flour paste, eoloored with red 
oxide of lead. We need therefore oalj set fire to the edge of one of these 
wafers, and hold it over a sheet of white paper, when the aaetallie lead will 
he seen to fall opoa the pi^r 19. mimrte globules. 

EmUy. How curious, and yet how simple ! the globules are mamerovi 
and quite distinct. The carbon eoaUuLned in the flour has, in this case, pro» 
duced the effect by combining with the oxygen of the red lead(ll). 

Caroline. But after the metals are reduced, and have ran down firom 
the ores to the bottom, of the furnace, below the charcoal, I should suppose 
they would then again become oxidized. 

Mr 9 B. The metal is then protected from the action of the air by allowi i^ 
its surface to be covered with a melted mass of earthy or alkaline matter, whieib 
when so employed is called ^.fiux^ because it flows*over the metal.. Some- 
times the earthy matter contained in the ores themselves fuses, and forms a 
glass which covers the metal. Potash, or other materials which produce the 
same effect, are frequently added, these additions being made according to 
the nature of the metal, or of the Oi*e to be reduced. Rosin, tallow, or soap, 
will prevent the oxidation of lead, by keeping it from contact with the kir» 
when melted in an open vessel over the fire(12). 

Emily. Do all the metals when heated attract oxygen from the atmoa* 
phere, and become oxides? I have understood tiiatthey do not* 

JIfhff B. Some of the metals have but a feeble affinity tor oxygen, and if 
combined with it, part from it very readily. The oxides of gold, silver, 
mercury, and platinum, may be reduced by heat alone, without the addition 
of any' coaly~matter. Thei r o xy ge n unites to ih« caloxi«, aiuumes the gase* 
ous form, and leaves the metal in a pure state(13). 

Caroline. The very means therefore by which some metals are oxidized^ 
will separate the oxygen from these you have just named, and reduce them 
to the state of pure metals. But how can they b^ made into oxides at aUy 
if heating them in contact with air will not effect it? 

Mt8 B. Those which cannot be oxidized by heat alone, were formerly 
called the peifffct metala, a name now nearly out of use. They may be oxi- 
dized by sending through them powerful electric dischsffges; but for thia 
purpose theyimust be reduced to the form of fine wire, or of thin leaves, 
and the oxide is obtained in but small quantities. All metals however yield 
to the oxidating power of some one or more of the acids. You, I am sure, 
will recollect what you were formerly told upon that 8ubject(14). 

CaroUne. I believe I do. I think you informed us that the aeids and 
the metals unite together and form salts; or rather that the acids unite 
to the oxides of the metals and form them, as, in all cases, the aietal 
must be oxidized before it can combine with the acid(t5). 

JI2r« B. Yes$ and, of course, if a metal be put into an acid, and thea 



10. How may this be shown by means of red lead? 

11. How may a wafer be made to answer this end? 

12. What 9ixejluxe9, and for what purpose are they employed? 

IS. What is observed respecting gold, silver, mercury, and platinum? 

14. What were such metals called, and how may they be oxidized? 

15. What ia said of the oxidation of metals by acids? 
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undergo solution, a double process must be carried on. In order to its con- 
version into a metallic salt, the metal must first be oxidized, arid the oxide 
then dissolved by the acid. In making hydrogen by the action of dilute 
sulphuric acid upon iron, the metal, you know, obtained the oxygen from 
the water, and its hydrogen was consequently liberated; but it more fre- 
quently happens in the solution of a meUl by an acid, that the metal obtains 
its oxygen by decomposing a portion of the acid, the oxide thus formed 
being dissolved by the remaining acid(16). 

.BmiYy. Then, in this case, you do not obtaiu any hydrogen gas? 
Mrs B* Certainly not? whatever gas escapes must be that which results 
from the decomposition of the acid, and must depend therefore upon the 
composition of that acid (17). 

In this phial there is nitric acid, some of which I am about to pour over 
the shreds of copper in this glass, when a violent effervescence will take 
|ilace, and a large quantity of gas will be extricated. 

CaroUne, Oh, what a disagreeable smell, and what a deep orange 
coloured vapour escapes! pray what is that? 

Mra B. It is, like the acid itself, a compound of nitrogen and oxygen, 
btit containing less oxygen. Its particular composition I shall hereafter 
explain; you can, however, form some judgment about it when I tell you 
that it is mtroiiB acid{l%). 

Emily. The effervescence is now over. I suppose, therefore, that the 
metal is botii oxidated and dissolved. 

J||r» B. Yes. And were we to evaporate the fluid, we should obtain the 
salt called nitrate of copper, in the solid state; as you see it in this phial(19). 

CaroUne, Pray, what would have been the consequence, Mrs B., if 
instead of metallic copper you had put an oxide of copper into the nitric 
acid? I do not see in this case how any. decomposition of the acid could 
have been effected. 
Mrs, B. Your inference is correct: had we put in an oxide of copper, 
the metal being already oxidized, no effervescence would have taken place. 
Nor would there have been any decomposition of the acid; but the oxide 
would have been quickly dissolved, and ti^ same kind of salt produced as 
in the first 6olution(20). 

Emily, It seems rather strange that the metal when put into dilute acids, 
should sometimes decompose them, and at others decompose the water. 

CaroUne. I think I can trace the reason of this. When the oxygen in 
the acid is united to its base by an affinity less powerful than that of oxygen 
for hydrogen, the acid is decomposed; and when the reverse is the fact, 
water is decomposed(8i). 

J^rt B. Your explanation is very good. There are some of the acids 
which have a strong affinity for the oxides of some of the metals; yet, when 
concentrated^ that is, deprived as far as possible of water, they will not act 
upon the pure, metals. This is the case with sulphuric acid and iron: if 
the acid be deprived of all the water with which it will part, it will not act 
upon iron, because its oxygen is united to its sulphur by an affinity too 
powerful for the iron to overcome(82]. 



16. What double action is necessary to their conversion into salts? 

17. What circumstance will determine the kind of gas given out? 

18. Detail what is said respecting nitric acid and copper. 
10. What is the salt produced, and how is it obtained? 

50. What would result from putting oxide of copper into nitric acidf 

51. What determines whether the acid or the water shall be deoom* 
posed? 

22. What is said respeeting concentrated acids and metals? 
Q2 
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JCflitZy. Ton bars taught us that many of the metals are capable of imit- 
ing to different proportions of oxygen^ and that, from this caase, the oxidea 
differ Tery mnoh in their oharaeter. If all these different oxides are dia- 
soWed by the aeids, there must be as many different salts of eaeh metal aa 
there are oxides(23}. 

Jllr« B, Your remarks remind me of what I had intended to inform yoa 
respecting these different oxides. Do you recollect the names by vhich 
we distingoish the seyeral oxides of the same metal from each other? 

EmUy, I will endeavoar to repeat them as I haye frequently done to my- 
self, in order that I might not forget them. 

, When a metal unites to oxygen in one proportion, it is simply called an 
oxide. When in two, the first is called the protoxide^ and the second tho 
deutoxide, or peroxide. When in three, we have the pratoxidCf detiUxide, 
and tritoxidef or peroxide^ and sometimes there is a fourth called the 
quadroxide. The name peroxide is usually given to the last of the se* 
i4e8, whatever may be its number(24). 

M*9 B, Very good. In the greater number of instances, acids unitQ 
with the protoxide only, those wluch are more highly oxygenated being 
altogether insoluble(S5). Do you remember in what way we obtainad 
oxygen gas by the action of sulphuric acid? 

Caroline. You mixed it in a retort with a metallic oxide which yoa 
called the black oxide of manganese, and then heated the mixture over a 
lamp, when the oxygen escaped. 1 haye frequently puzzled myself to find 
out the source of the oxygen in this instance. 

J^ra B, I think you will be able to discover it when I inform you thai 
the black oxide of manganese is the tritoxideo£ that metal, and that when it 
is mixed with the sulphuric acid, and heat applied, a sulphate of manga- 
nese is formed, consisting of the acid combined with the protoxide[Q6). 

Caroline, Oh, yes, now I see the operation plainly. The acid combined 
with the protoxide and the excess of oxygen contained in the tritoxide was 
disengaged, and escaped in the gaseous form. 

Mrs B, When, without the presence of an acid, this black oxide is heated 
to redness, a similar change takes place. Oxygen gas escapes from it, and, 
instead of a tritoxide, it becomes a deutoxide(27). 

But we must hasten to some other general properties and combinations 
of the metals. Do you know what is meant by an alloy ? 

Emily, I understand by an alloy something which debases a metal, and 
renders it less valuable. 

JMVs B, Your idea is not quite correct Alloys are merely combina- 
tions of two or more metals with each other. Gold and silver are alloyed 
with copper, when they are to be made into coin, or into articles of plats 
or jewelry. Standard gold and silver contain about one-twelflh part of 
alloy, and they are rendered harder, and more fit for use by this mixture. 
Brass is an alloy of copper and zinc; bell-metal, an alloy of copper and 
tin; and pewter, of tin, with lead, antimony, or some other metal or metalsf 
its compositiQn being variousC 28]. 

Endly. I am a little at a loss about the nature of tin. Our tin dishes, and 
cups, and kettles, differ very much from a pair of tea-pots which we have 
in usO) and which are warranted to be pure tin. 



55. What remark does Emily make on the solution of oxides? 
S4. Describe the manner of naming the metallic oxides. 

85. Which oxide of a metal does an acid generally dissolve ? 

56. How is this shown by the black oxide of manganese? 
S7« How do acids, or heat, extricate a portion of its oxygen? 
98. What are aUoya^ and what particular examples are given? 
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M*9 B> What we eall tin, or tin plates, and oat of which the eommon 
tin ware is made, is thin sheet iron covered with tin, jast as the inside of 
eopper saucepans is covered in the operation called tinning. Thla 
«oating of tin is appKed hj dipping tiie sheets of iron, properly prepared* 
into melted tin. An alloy of tin and iron is thus formed upon the surface, to 
which a thin coat of pure tin adheres, whilst the middle is sheet iron. 

Caroline, That accounts for the rusting; (I hegyour pardon, now that I 
am a chemist, I should say oxidizing) of the vessels when they have heen 
much used; die tin in this case being worn off from the surface of the 
Iron. 

Mrs B. Pure tin is a very soil malleahle metal, which, if made thin» 
like tin ware, would bend as easily as paper(29). 

Entity. By malleable, I believe you mean soft and flexible, do you not^ 

Jlfr« B. Not precisely. Some metals are said to be malleable and 
ductile, and others to be brittle. Malleability and ductility, though both 
opposed to brittleness, are yet different from each other. By maUeability 
is meant the capacity of being beaten out into very thin plates or leaves: find 
ty ductility, a capability of being' drmwn into very fine 'XMre(30). 

Caroline. But certainly those metals which can be beaten into thin 
leaves may also be drawn into fine wire: I do not, therefore, see the dis- 
tinction between the two. 

J\irs B. Nevertheless, these properties, although always combined to 
a certain degree, are absolutely and evidently distinct Iron, for instance, 
can be drawn into wire of extreme fineness, yet it cannot be beaten into 
very thin leaves; and other examples, equally decisive, might be given(dl}. 

Caroline, That is strange, and I cannot conceive of any principle upon 
which we' can account for such a fact. 

Jifrs B. I can only tell you what fJauslble conjecture has been made 
upon this point, which, if admitted to be trae, will satisfactorily account 
for it. It has been supposed that the minute particles of the most ductile 
metals are in the form of fine fibres like cotton, whilst those of the malle- 
able metals are in the form of flat plates like spangles(32]. The former 
structure would evidently be best adapted to the formation of wire; the 
latter to extension into thin leaves. Remember, however, that this ex* 
planation is to be taken as conjecture only, although it derives some sup* 
port from the known fibrous texture of iron, the most ductile of all the 
metals. We must now return, from our digression, to the subject of alloys, 
respecting which I have something further to say. 

Emily, I was about to inquire concerning them; whether we are to con- 
sider them as mere mechanical mixtures, or as chemical combinations of 
the metals^ 

JIfrs B. They are, undoubtedly, chemical compounds; for, although 
they retain their general characteristics as metals, they undergo changes 
which are evidently not mechanical. In many instances the alloy has 
neither the colour, specific gravity, tenacity, or fusibility, which would have 
been anticipated from a knowledge of the separate metals* Copper, which 
is red, united to zinc, which is white, produces brass, which is yellow. 
Copper and tin, which are both malleable, form bell-metal, which is ex* 
tremely brittle. A compound of five parts of bismuth, three of tin, and 
two of lead, is called the fusible alloy, and melts at die heat of boiling 



29. What observations are made respecting tin? 

50, What is meant by malleability and by ductilityl 

51. What proof is given of a difference in these properties^ 
32. Upon what circumstance is this supposed to depend? 
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vater, although the most fusible of these three metals, whea alone, reqairea 
a temperature of between four and five hundred degrees to melt it. Were 
the alloys mere mixtures of the metals composing them, they ought, wKeo 
fused, to separate in consequence of the difference of their speeifie 
gravitie8(33). 

Emily, When articles of metal are broken,! hear sometimes of their 
being soldered^ and at other times of their being •melded. What is the di£^ 
ference between these processes? 

JMrt JB. Soldering is the uniting of two pieces of metal together by 
another metal (gener^ly itself an alloy), which is melted upon, and mna 
in between the parts to be joined. The solder must, of course, be more 
fusible than the metal to be soldered(d4). Two pieces of iron may be solt* 
dered, or brazed, as it is called, by means of brass. Silver or brass may 
be soldered by a mixture of brass and silver, called silver solder, which 
fuses much more readily than either of them alone. Lead, or tin, is sol- 
dered by a mixture of these two metals themselves, which, as in the case 
of silver solder, melts at a temperature below that of either of its con- 
stituents. This latter mixture is called soji solder, whilst the former kinds 
are denominated hard solders(d5). When either of these solders is ap« 
plied, the metal is made clean and bright, and with the solder some substance 
is used which operates like the fluxes employed in fusing the metals) 
that is, they keep oft* the atmospheric air, and thus prevent oxidation, which 
would defeat the process(36). 

Caroline, I think that I understand the nature of welding', as I nave se- 
veral times seen it performed. The two pieces of metal to be joined are 
heated very highly, then placed upon each other and struck with a hammer, 
which unites them perfectly^ When I have seen this done it has, however, 
always been with iron. 

JUrs B. Your description is very good, t nd the reason why you have 
seen no other metal than iron welded, is because it is the only one that cab 
be so united, excepting platina, which does not often pass under the ham- 
mer of the common smith(37). 

The last general property of the metals which I shall notice is their com 
bustibility, which I have the means of exhibiting to you very brilliantly. 
This will close our present conversation, and at our next meeting we shall 
examine some of the individual metals. 

Endly, We have been anxiously waiting to see the operations performed 
by the oxt-htbsoobk or cohfouitd blowpipe. We have heard the ex- 
periments with it described in such glowing colours, its power of com- 
bustion and fusion so highly extolled, and the light which is emitted in 
-these processes represented as so dazzling, that I think the reality miistdia* 
appoint the anticipation. 

JSfrs J?. You need not apprehend disappointment in witnessing the effects 
of this instrument, although we must limit ourselves to a very few examples 
of its power. Lavoisier had applied oxygen gas in a similar way, but the 
Apparatus before you is not only more powerful, but much more manageably 
than that used by him. When oxygen is employed alone, as was the case in 
Che experiments of the French chemist, the article to be operated upon must 
be first ignited, and then placed under the stream of oxygen; whilst, in the 
eompound blowpipe, the burning hydrogen renders all this unnecessary. 

Caroline, Is there any thing peculiar in the construction of the tin ves- 



S3. What proves that alloys are chemical combinations? 

34. What is meant by soldering, and how is it effected? 

35. What particular exemplifications are given? 

36. What precaution is necessary to prevent oxidation? 

37. What is weUUr^g', and what metals may be welded? 
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•el* in vhioh ran hive At giK* •olleeted } Ton tuTe wTenl timei nnd, 
kit never paniBolarij detoribed (hem. 

Jlfri £. Thew Teuel* vbiah ere eilled eir, or pu, holdert, ire «erj 
•Onrenient for eollnting tbe guei ia Urge qmntitici, end tie moeh em- 
ptojed by the ohemitt 

Thi> (fif. 1.) ii an ui^haUer, mtde, u JOD obferre, of tin, end japumed 
to keep it rrora ruuiDg. It* eonstnictioD ii verj limple. It has three open- 
iogii one tar filling it vith water, another for admitting tbe gai which it to 
diaplaee tbe water, and the third to allow tbe gu to eacape when wanted. It 
ii Bnt filled with water thcough the Tunnel ittaohed to the top, the ipout or 
opening near the bottom being itopped with a Bork. Tbe leeond opening 
in the top ii for the eteipe of the gai, and thii maj be opened or closed as 
teqaired(3g). 

Emits. WaB thia tbe kind of ioitrument employed bj LsToiiier? 




[Fig, 1. A, Body of the gai-holder. B, a fiinnel for filling it with water. 
C, a tube which extendi from it nearly down to the bottom of the yessel, 
ita end alwuj-i dipping under water. D, «. turn cock to »llow of the es- 
cape of the gaa when wHnted. E, a tube opening into tbe body of the 
TCisel, to admit * tube, or retort, for filling it with gas, and for allowing 
.< the gis 1 






sehed. 



Pig. 3. Coniiati of two air holdera constructed eiactly like the fifregoing. 
One of tbeae i> to be filled with oxygen, the other with hydrogen. Two 
tubes, one aonnected with each, haTe a common opening at C. In Iheae 
tobea there are turn eoeka to regulate the diieharge of the Iwogaiea. At 
D ia the aubatanee to be acted upon, which may he plaoed upon a piece of 
eharooal, or any suitable sapport.] 



31. Desoribe the reaael usually oalled a gat-holder^ 
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■ 

3fr« J9. Yes; and the compound blowpipe which I use is composed of 
two such aitvholders, one filled with oxygen, the other with hjdrogen. There 
is a pipe leading from each of these which terminates in a single openings, 
from which the gases roaj issue either separately or xmitedly, and in such 
proportions as maj be desired. , 

The metal to be burnt is most commonly- placed upon charcoal; it is held 
tmder the jet, or opening, when a stream of hydrogen is allowed to escape, 
which stream is then ignited. The metal exposed to the flame will soou 
become red*hot, and when this has taken place oxygen is made to flow upon 
it, from the other receiver. This will produce a heat of very great intensify 
and a piece of east iron exposed to it will, as you see, burn very rapidly(39). 

Caroline, What a volume of splendid sparks ! You seemed daring the 
combustion to be enveloped in fire. How much more brilliant this is than 
the burning of the wire in the jar of oxygen ! 

Emily, Did you observe that the iron actually boiled up, like heated wa- 
ter. This experiment could not indeed disappoint the expectations of any 
one(40). ., 

Jilra B, A piece of steel watcn spring will born in much the same man- 
ner. Copper you perceive burns with a beautiful green flame, and the other 
metals with flames differently coloured, and with different degrees of bril- 
liancy, whilst they fly off in the state of oxide8(4l). 

Emily, Those which have been called perfect metals, such as gold, silver, 
tnd platina, as they are not oxidized by heat and air, will not burn, I sup- 
pose, but merely become ignited and fased. 

M's B. Such is the intensity of the heat, that every metal yields to its 
fnfluence. Platina will not melt in any of those furnaces in which ot^er 
metals are fused; but under the action of the compound blowpipe it is not 
Ihsed merely, but rapidly dissipated in vapour. Gold and silver likewise 
burn, being not only oxidized, but actually vaporized (42). 

Articles which had resisted every previous attempt to fuse them, such as 
the pure earths, have been subdued by this instrument. Incombustible sub- 
stances cannot, of course, be burnt by it, yet the light which they emit is so 
extremely dazzling, that the eye can scarcely bear it A tobacco-pipe stem, 
or a piece of lime, answers well for this experiment. The compound blow* 
pipe has not served the purpose of showing brilliant experiments merely, 
but has greatly aided the chemist in his researche8(4S). 

Caroline, To whom are we indebted for this elegant and efficient mode' 
of obtaining the command of so high a degree of temperature ? 

Jlfr« B, To Dr Robert Hare of Philadelphia, now professor of chemis- 
try in the university of that city, who published an account of it in the year 
1802. The effects produced by it upon various substances were subset 
quently more fully ascertained by himself, and by Professor Silliman of 
Yale college, and made known in the journals both of this country and of 
Europe(44). It is much to be regretted that attempts were made, many 
years afterwards, by an English chemist, to deprive Dr Hare of the honour 
of tlie invention, and of the investigations to which it gave rise. 

Caroline, And were the experiments in England performed with an in- 
ctnunent exactly like that which you have employed? 



89. Describe the compound blowpipe and the mode of using it 

40. How is cast iron affected when exposed to its action? 

41. What is observed respecting some other metals? 

42. How are gold, silver, and platina acted upon? 

43. What is said of the fusion and ignition of different substances? 

44. Who was the inventor of the compound blowpipe, and what observa- 
tSons are made respecting it? 
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idi 



Jlfr* B* That used bj me is not precisely in the form of those employed by 
Dr Hare, but the principle of its action is the same. In the English instra« 
ment, the two gases were mixed together in the proportions in which they 
combine to form water, and forced by a condensing syringe into a stron^^ 
copper box or reservoir, whence they issaed by their elasticity when a yent 
vas opened for that purpose. Thia is the instrument, but it is not charged 
with the gaie8(45). 

Blowpipe vfith condetued Oxygen and Hydrogen G<ues* 




[A> tilie reserroir for the condensed gases. B, the condensing syringe. C« 
the bladder for supplying oxygen and hydrogen. D, the moveable jet] 

Etmfy* But such a mixture of the gases is extremely explosive ; how it 
ft, then, that when ignited, the apparatus is not- blown to pieces? 

JIfrt J3. This has actually and repeatedly happened, to Uie imminent 
danger of the operator. When the gases are highly condensed, and the aper- 
ture very small, they flow out so rapidly as to prevent the flame from pass* 
ing inwu^s, but the danger is every moment increasing, and several contri* 
TBnees have been made to obviate it ; but though lessened, it still exists to a 
▼eiy considerable extent(46). 

Mndhf. The instrument with condensed air is certainly the most com* 
|itct of the two, but if this is considered as a point of importance, why cannot 
the two gases be separately condensed in different vessels? 

J^ro B* This has been proposed, and might very readily be effected ; but 
those who have been in the habit of using the instrument as employed by Dr 
Hare, are satisfied that the effiscts it is capable of producing^ are, in all res- 
pects, equal to those obtained by the condensation of the gases, whilst it is 
entirely free from the danger of explosion. 

Caroline, You appear, Mrs B., to be making a mixture of the filings of 
copper and of sulphur: are these to be submitted to the action of tlw 
blowpipe? 

Mro B» No; but before closing our present conversation, I am about tt^ 
ahow you a kind of combustion which takes place without the presence of 
oxygen, or of either of those agents which have been denominated support 
ters of combustion. Most of the metals, you are aware, will combine with snl* 
phur, and become converted into sulphurets. To produce this combination^ 
it is in general sufficient to expose the sulphur and tb'v^etal, in mixture, 
to a degree of heat not fiir surpassing that which is required to fuse the fovr 
mer fubstance. 



45. What modification of this instrument has been since made? 
4(L What objection exists to the blowpipe in this form? 
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The tempenitare necessary to prodnee this revult does sot exceed that 
of three hundred degrees. When this has been attained by the mixture, thft 
heat will suddenly rise to that of ignition^ and the whole mass will assume a 
glowing red appearanee(47). j 

I put this mixture of flowers of sulphur and copper filings mto a eommoa J 
Florence flask, which I close to prerent the admission of ah*. I now place ^ 
the flask oyer a lamp and heat it slowly, and you will presently see that 
ignition will take place, with all those appearances which we indicate by 
the word burning(48). The disengagement of heat, in this case, results 
merely from the union effected between two combustibles, no other sub* 
stance being present The compound formed is still capable of under- 
going combustion by the agency of oxygen gas, which would convert its 
sulphur into an acid, and its metal into an oxide. 

Emily. And it seems closely to justify the remarks formerly made upon 
the subject of combustion, and to prove that it may result from intense chem* 
ical action, without those aids by which it is ordinarily 8upported(49}. 



CONVERSATION XIX, 

ON THE PARTICITLAB METALS. 

Metala tmovm U tht AncientB, Thote which have been discovered since 
the ISth century. Gold, it* frdnee^ modes of gilding tritk, and its generai 
properties. Platinum, its properties, and the ignition of Spongy Platinum 
By Hydrogen. J^etals contained in the ore of Platinum, Silver , titrate, 
and Fulminate of Silver, and other Fulminates, Cinnabar, Mercury, its 
Uses and Properties, Iron, Cast Iron, Steel, and Plumbago, Magnetic 
Property of Iron and other Metals, Copper, its Uses and Combinations, 
Jjead, its Oxides, and other Combinations, Tin, its Alloys and properties. 
Zinc, and its conUtinations, ^^cidijiable Metals, ^Mrsenic, Chrome^ and 
Antimony; their properties and uses. Medicines and Pigments obtained 
from Metals, 

Mrs B. I have alretfdy intimated to you that in examining the metals 
individually, I should call your attention only to the most important of 
their particular properties. To do more than this would not be found 
either useful or agreeable, and to do less would be to neglect some inters 
esting facts respecting a class of bodies which occupies a very conspicuous sta- 
tion, whether viewed in its connexion with science or with the arts of 
civilized life. 

Caroline. I have felt a much higher degree of interest in the metals 
than I had thought it possible for them to excite, and am therefore pre* 
pared to continue the subject with an assurance of undiminished satiafae- 
tion. 

Mrs B, I have prepared a catalogue of the known metals, ;uid wish 
you each to take a copy of it. I have not included those metals which are th» 
bases of the alkalies and of the earths, as they have been separately eon- 
sidered. This list is made out chronologically, containing the date of the 
discovery of all ttfti^arious metals, excepting the seven which were known 
at a period antecedent to that of authentic history. 



47. In what way may some of the metals be converted into snlphureta^ 

48. How may the light and heat given out be experimentally shown? 

49. What (act if this experiment ealculated to exemplifjr? 
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Emily, There is one thin^ very remarkable in th'is list, and which serves 
to exemplify the rapid progress of chemistry within a few years. I al- 
lude to the modern date of the discovery of so^many of the metal8(4). 

Mrs D, And if we had included those which are furnished by the decom- 
position of the alkalies and the earths, this fact would have been rendered 
still more striking, the whole of them having been recently made known. 
I have not thought it best to give you a systematic classification of them 
according to any relationship which they bear to each other in their proper- 
ties. While examining them we shall proceed in such order as may appear 
to be most convenient, beginning with Gold, 

Gold is the only simple metal which has a yellow colour. It is always 
found in the metallic state; sometimes nearly pure, at others considerably 
alloyed with silver or with copper. Although nature has diffused it in 
every country, it has been either in quantities so sparing, or in situations 
whence it is procured with such great labour, as to make it the most costly 
of those metals which have been brought into general use. In some places 
it is obtained by washing the sand of rivers, and in others from soils in which 
it is iMptained in minute particles. Occasionally it is found in veins in solid,- 
rocks^hence it is necessary to quarry immense portions of stone, in order 
to obtain^ic produce of a thin stratum of gold. Shafts are sometimes sunk, 
in the manner of wells, to the depth of many hundred feet, down which the 
miners descend by means of ropes, and labour in great peril from falling 
stones, accumulated water, foul air, and other causes. Mines of gold are 
wrought in every quarter of the world, but Mexico, and some of the coun- 
tries of Sonth America, have furnished more of this metal than all the other 
regions of the globe collectively (5). 

Caroline. North Carolina has lately been much spoken of on account of 
its gold mines. I have seen several specimens said to have been brought 
from thence. 

Mrs B, A very considerable quantity has been found there. It is diffused 
over an extensive region, not only in that state, but extending into Virginia, 
South Carolina, and Georgia. This region resembles that of the gold dis- 
tricts of .Mexico. Some years ago there was a piece of gold found in North 
Carolina, which weighed twenty-eight pounds. This large mass I saw d«- 



1. What are the seven metals which were known to the ancients? 

2. What others were discovered previously to thcS year 1800? 
0. Name those discovered during the present eentury. 

4. What particular fact does the table of the metals exemplify? 

5. In what conditions and in what countries is gold found ? 

R 
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posited in the TTnited States mint in Philadelphia. Other pieeei hare aince 
been found weighing seyeral pounds, hut this is an event of very rare ocgiu> 
renoe(6). 

Caroline, I helieTe that gold is beaten into leares which are much thin- j 
ner than those of anj other metal. % 

Mri B, It is ; and sueh is its malleability, that abont d80,000 leaves of 
gold piled upon each other, will measure but one inch in thickness, and the 
gilding upon silver wire is but about a twelfth part of the thiekness (tf 
one of those leaves; yet the silver will be found eoAipletely covered and hid* : 
den by the gold, even when the wire is examined by a micro8eope(7). . 

EmUy. A perfect coating formed by a layer not the three millionth part 
df an inch in thiekness! How extremely minute must be the particles of 
gold! 

Mrs B. Gold may be dissolved in a mixed acid, which has been calW 
aqua regia. It is made by mixing together portions of rdtric and muriSke 
acids. Neither of these alone will dissolve the nfetal, but they do so very 
readily when combined. I put a leaf of gold into each of these wine glas- 
ses; upon one I pour nitric, upon the other muriatic acid, and you see that 
\a both, the leaf remains unchanged. I now pour the two together, and the 
gold is immediately dissolved. This mixture of acids is now usually de- , 
nominated nUro^muriitHc acid, and the salt of gold which results from this 
eombination, nitro'tnuriate ofgold{%), 

Caroline* The muriatic acid, I recollect, is that which, with ammonia, J 
forms aal ammofd<ie, or the muriate of ammonia, 

Mrt B, Gold, from its beauty and durability, is employed for gilding the 
less valuable metals, as well as numerous articles made of wood, and other < 
materials. Gilding is effected in various ways. Sometimes the metal, in thin 
leaves, is made to adhere by means of size, or varnish; at others the gol^ls 
dissolved in mercury, and in this combined state is applied to silver, copper, 
bronze, or other metals to be gilt(9]. 

CaroUne. By saying that the gold is dissolved in mercury, you mean, I *j 
gnppose, that an alloy of these two metals is prepared by melting them to^ ' 
gather. 

Mrt B, Mercury, being already in the fiuid state, will, like otheMuids, 
dissolve those solids to which it has a strong attraction. Gold is one of them, 
and although the solvent power of the mercury is increased by hcMt, it will 
operate whilst cold. Silver, copper, and in fact most of the metals, combine 
in like manner with quicksilver. Compounds of this kind are usaally 
of a soft, pasty consistence, and, although of the nature of alloys, they are 
classed by themselves and called ama^ama. Thus we say an ama^am of 
goldy an amaJgam of Hn, &c. (10). 

When the amalgam of gold is used for gilding, it is spread over the au]> 
face of the metal to be gilt, which must therefore be of a kind to which il 
has an affinity. The metal so covered is then heated over a charcoal fire, which 
volatilizes the mercury, whilst the gold is left adhering to the surface in-' 
tended to be gilt This operation is sometimes called, though not Tery 
ffppropriately, water gilding(ll). 

We must now leave the consideration of gold, and proceed to that of a 
less costly metal. 



6. What is remai^ked respecting gold mines in the United States? 
f. How thin may gold be beaten, or be spread in gilding? 

8. In what acid can gold be dissolved? 

9. By what methods may gold be applied in gilding? 

10. To what eombination of meuls is the term amalgam applied? 

11. How is the amalgam of gold employed in gilding? 
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JBmily* Let me first try if I etm repeat the prinoq^ prepertiet of gold. 
It is never mineralized, being always found in the metallio state. It may 
be oxidized bj eleetrieit]r> or by aqua regia, but not by heat, moisture or air, 
either individually, or united { and it is one. of those metals, the oxides of 
which may be reduced by heat alone. It is more malleable than any other 
metal, is the only one of a yellow eolour, brass being an alloy; and with 
mercury it forms an amalgam(lS). Am I correct, Mrs B. ? 

jiirt JEt. ' Perfectly so; and we will now eximine the metal to which I 
just now alluded; it is Platiita or PiiAtivuk. 

CaroUne, I observe that you frequently give the names of the new metals 
with a termination in um. I think science would do better without these 
double names. 

Jlirt JB, Uniformity has been attempted in this as well as in most of the 
other departments of chemistry* Most chemists have adopted the ter« 
aaination in vm, in naming the new metals. No one, however, expects the long 
established names of gold, silver, iron and copper, to be changed in con« 
Ibrmity with new rules; nor shall I always follow them in our conversa* 
ti<>ns, even with the new metals(13). 

"^me platinum is of a white colour, somewhat resembling silver. Like 
gold, it is always found in the metallic state, and usually associated wiih 
that metal« Formerly it was obtained only from the mines of South Ame* 
rica, but latterly it has been discovered in considerable quantities in the 
Uralian Mountains, and the Russians have actually introduced « coinage of 
this metal(l4). It is the heaviest body known, its specific gravity being 
greater than that of gold; and it is so infusible as to retain the solid state in 
furnaces the most intensely heated. It may be melted, however, by the oxy < 
hydrogen blow-pipe, in the current of a powerful voltaic battery, and by the / 
heat of the solar ray contracted by a lens(15). .' 

• Caroline, If platina cannot be fused in a furnace, how then can it be,' 
brought into large masses for use in the arts? / 

MrB B, By the property of welding, possessed only by it and by ironi 
Platina is«solttble in the same acid which dissolves gold, but in no othei^ 
And on account of the little effect produced upon it by heat and most of tHc 
eheraical agents, it is found of g||at use in forming some of the vessels 
required in the laboratory (16). 

Emily . What is the use of that neat little instrument which you ha ire v 
takes from the case? , Can it have any connexion with platinum? 

Mrt JB, It is intended to exemplify a very remarkable property in tliis 
metal. A soft, spongy mass of platinum may be obtained by dissolving p 
4n mtr^-muriatic acid, precipitating it from its solution by means of muriaft» 
of ammonia, and then igniting the j|^ecipitate in a crucible. It is now 
called 9pongy plaimum. If a stream of hydrogen gas, at the common 
temperature, -be^ made to blow upon this spongy mass, or even upon 
platinum made into thin leaves, or very fine wire, and rolled op so as to 
form a ball about the size of a pea, the metal will become ignited, and will 
•et fire to the gas. This little air-holder contains hydrogen, which is forced 
out by the pressure of water, as in the larger instruments. When I turn 
die key, the gas from the jet blowing upon the little ball of platina, quickly 



13. *Give a recapitulation of the general properties of gold. 

13. What is said of the termination in urn in naming the metals? 

14. What is the appearance ofploHnum, and where is it found? 

15. What is said respecting tta infusibility ? 

1^. IJow are separate pieces united together, and what acid dissplves it? 
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ignites it This, in its taro, sets fire to the gas, the flame of which lights the 
taper over which it passes(17). 

Spongy PkiHnum Apparattu. 



[A. Glass vessel containing dilated sulphario 
acid, and within which is suspended a cylin- 
der of zinc, upon which the acid acts and 
generates hydrogen. This gas forces the liquid 
up the tuhe, and into the upper vessel B. 
When the jet C is opened, the hydrogen will 
pass out, and coming into contact with the 
hall of spongy platinum, D, will ignite it. The 
gas will then inflame, and light the taper £. ] 



Caroline. Wonderful indeed ! and I should think it a phenomenon verf 
difficult to account for. The metal must remain unchanged, as hydrogen can- 
not produce any chemical effect upon it. 

Mrs B. The chemists do not pretend fully to explain it. There appears, 
however, to be a very strong analogy between this phenomenon and the me- 
chanical absorption of the gases by charcoal (p. 154). The presence of the 
oxygen of the atmosphere is necessary to the success of the experiment; and 
it seems as though the hydrogen was mechanically condensed by the spongy 
platinum, and thereby enabled to combine chemically with the oxygen, and 
thus to produce heat and light(lS). 

In these metallic grains, which are called the ore of platinum, four 
metals have been discovered, and named Pauladium, Rhodiuh, Oskium, 
and IniDiuK. 

They have been found in but small quantities, and you must at present 
be satisfied with the knowledge of their existence only. If you wish to in- 
quire further concerning them, any modern treatise on chemistry fUI enable 
you to satisfy your curio8ity(19). 

Emly, I never should have supposed that the grains of platina in this 
phial consisted of so many different melals: this ore seems indeed to be an 
alloy of alloys. 

Mrs B. Besides platinum and the four metals just named, some of 
the older metals, also, are contained in these grains, making the whole number 
Hmount, it is said, to ten or eleven. 

W« will now pass on to the metal which is generally esteemed next in 
beauty to gold; that is Silver, 

Silver is most commonly found ih the metallic state alloyed with other 
metals, but it is also mineralized with sulphur, forming a siUphuret of ail- 
ver. In malleability, silver is inferior to gold only; it is also more sus- 
ceptible of being oxidized. When kept intensely heated for a considerable 
length of time, in contact with oxygen, it absorbs a portion of it. Its oxide, 
however, may be reduced by heat alone(20). 

Caroline, I have understood that the substance called lunar cauatic, 
which is used in surgery, is a preparation of silver. If so, my own expe- 
rience has taught me that silver is not always productive of pleasure. 



17. What is spongy platinum, and how is it employed to produce igni* 

tion? 

18. On what principle is this supposed to be effected? 

19. Name the metals discovered in the ore of platinum. 
80. What are the first observations made respecting silver? 
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Mrt B, Both the lunar cautHe and the permanent marking ink are nitratee 
of ether J the former in a 10114 state, the latter in solntion. Nitric aoid very 
readily dissoWes silver, and this nitrate, dried, fhsed, and cast into moulds, 
forms Ivnar caustic, which rapidly corrodes the flesh. When the nitrate of 
silyer is used as a marking ink, the linen is first moistened with a solution 
of carhonate of soda or some other alkali, then dried, and the writing exe* 
euted with the nitrate of silver, which stains the linen of a permanent dark 
Golour(21). 

Emily. I have heard it said that those dangerous playthings called torpe- 
does, which explode when thrown upon the floor, derive this property froia 
some preparation of silver. Is this the fact? 

Jilre B. There- are several metallic preparations which are extremely 
explosive; particularly those of gold, mereuiy and silver. That used 
In the kind of crackers to which you allude, is called detonating eUver; but 
there is a similar compound cidled fiilminaHng eilver^ which is incom- 
parably more violent than the former. It is considered unsafe to pre- 
pare more than a single grain of it at once. After it is made, it is dangerous 
even to remove the vessel in which it is contained, as the slightest agitatioa 
will cause it to explode. Even a drop of water being allowed to fidl on it 
will produce the effect. 

EnUhf. And do these different preparations appear to owe their ezplo* 
alve property to one common cause .^ 

J^ra B, They do. There is a peculiar acid called /ulnrinic acid^ which 
is formed under particular circumstances when such metals are present, 
and which combines with them, producing salts denominated ^Iminatee, 
This acid is a compound of carbon, nitrogen, and oxygen, which are sepa* 
rated from very slight causes, and suddenly assume die gaseous form(S2}« 

MSKCtrST OB QUICKSILTXR. 

Yon need not to be informed what article is to be our next subjeet of 
Inquiry, although the phial containing it is without a label. 

Caroline, No; quichtilver cAn never be mistaken for any other metal: its 
great weight, and its fluidity in the coldest weather, are too characteristic to 
allow of our calling it by a wrong name. It is so peculiar a substance that 
eveiy one seems to find amusement in playing with it. Is it found in this 
state in the mines, or is it a solid mineral? 

Mre J?. Sometimes, though rarely, it is found fluid,. and is then called 
virgin quicksilver. Its or^is usually a sulphuret. The colour called cin^ 
nabar is a sulphuret of mercury. The beautiful red paint, vermilion, if 
also compounded of the same materials, prepared with great care by the 
manufacturing chemist(23). 

Mercury is much used at the gold mines, as It amalgamates readily with 
gold, and collects from the soil Uiose fine particles which could not be ob- 
tained in any other way. In many silver mines, also, the metal is wholly 
collected by amalgamating it with mereury(24]. 

Emily. In what way is the quicksilver fixed upon the backs of looking 
glasses? It seems remarkable, that although it is a fluid, it does not run 
off. 

Mrs J9. The silvering of looking glasses Is effected by an amalgam of 



!■« 11^ 



fll. For what porpotes is the nkrateofeUfoer employed. 
£2. What is said respecting y^Amnaft'n^ siboer and other Julminateef 
fiS. What is the nature of Hie article denominated drmabarf 
84. For what purpose is quicksilver used in gold and silver miaes? 
R 2 
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tin, and eonsists principally of the latter metal, which gires to it the requi- 
site solidity (25). 

There are two oxides, and several salts of m*ercary. The protoande is 
of a hlack colour, and the pei^oxide red; the latter is commonly called 
red precipitate. 

This red precipitate, when heated to ignition, gives out its oxygen, and 
returns to the state of metallic mercury. It is an article very interesting 
in the history of chemical discovery, as it was from this oxide that Dr Priest- 
ley first obtained oxygen gas(26). 

Caroline. I think that you mentioned the freezing of mercury hy the 
natural cold of some climates. 

J^rs B. Yes, I did; although in order to its existing in the solid state 
it requires to have its temperature reduced thirty-nine degrees below the 
zero of Fahrenheit's scale. It is then not only a solid, but also a malleahle 
metal. In Siberia, and some other countries, this degree of cold not unfre- 
quently occurs; hut in this climate, ^o low a temperature can he produced hj 
artificial means only. When mercury has been frozen, a curious effect is 
produced by throwing a lump of it into a glass of water. The water will 
immediately hecome solid ice, and the mercury at the same moment will 
become fluid. 

Cai^oUne, Such an appearance is certainly very strijcing, hut the cause is, 
I think, quite evident. The mercury will reduce the water below its freezing 
point; whilst the heat wliich the water gives out in becoming solid, will 
raise the temperature of the mercury sufficiently to bring this metal into the 
fluid state(27). 

J^rs B» The first metals to which I called your attention, are usually 
* esteemed the most valQable4 but even gold and silver are, like every thing 
else, valuable only in their proper places. There is another metal, gene- 
rally accounted very inferior to these, which, were utility made the only test 
of worth, would rank far above either of them. 

Emily, laoir is certainly the most useful of all the metals, and is un- 
doubtedly the one to which you allude. 

Mrs J3. And this metal, so essential to the arts of life, nature has dif- 
fused with a most bountiful hand. Traces of it are found in almost every 
soil, and in each of the kingdoms of nature ; and every country has its mines^ 
whence iron may be obtained in abundance. 

The existence of pure, native iron is doubtful. Masses of tliis metal, some 
of which weigh several tons, have been discovered in various places ; but as 
they are not generally in the vicinity of iron mines, and all of them resem- 
ble the meteoric iron, in being alloyed with nickel, 4heyare(28)supposed 
to have fallen from the higher regions of the atmosphere. 

Caroline. After tiie evidence of the fall of meteorolites, containiog a 
large portion of iron, 1 do not see why tons may not fall from the heavens, 
as well as pounds. My faith, therefore, does not stagger under the weight 
of this ponderous supposition. 

Jifra B. Iron is less malleable, but more ductile, than either gold or sil- 
rer. It may be drawn into wire finer than a human hair, and which will sup- 
port a weight considerably greater than a wire of the same size formed of 
any other metal. Although in the impure form of cast iron, it is readily 
fused and poured into moulds, yet, when in its pure state, iron is melted with 
diffieulty(29). 



25. Of what does the silvering on looking glasses consist? 

S6. What observations are made on the oxides of mercury ? 

Sr. Narrate the facts mentioned respecting the freezing of mercmy. 

58. Is iron generally diffused, and is it ever found native? 

59. What is said respecting the ductility and fusibility of iron? 
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JSmty, It seems that tlie metals in a state of mixture always ftise more 
readily than ivhenpure. With what is cast iron alloyed? 

Mra B* Cast iron does not, as you seem to suppose, owe its fusibility 
to the presence of another metal, but to that of a very different body ; to 
carbon, between which and iron there is a strong affinity (30). 

CaroUne. I should certainly never have suspected such a combination as 
fkat; but it is not surprising that iron should lose its tenacity, by combining 
with so fragile an article as charcoal. 

Mrg*B, This is the principal, though not the only impurity in cast iron; 
and the art of refining it consists in the removal of these foreign matters^ 
You are aware that iron and steel are essentially alike, are you not^ 

CaroUne, I have supposed that steel was highly refined iron ; or I 
CMight rather to confess^hat my ideas upon this subject have been very vague. 
I plainly perceive that my supposed familiarity with the nature of certain 
bodies, has had the effect of preventing those inquiries which would have 
made my knowledge real, instead t)f imaginary. 

Mrs JB. Steel, like cast iron, contains a portion of carbon, and is, there* 
fore, a carburet of iron. But in this state the iron is free from all other im* 
purities, and the quantity of carbon which iscopinbined with it, is but small^ 
although all the peculiar properties of the steel result from its presence. 

Steel is prepared by taking bars of fine malleable iron, and imbedding theift 
in pulverized charcoal, in a kind of oven, built for the purpose. This oven 
is closely stopped up so as to exclude the air of the atmosphere : it is then 
surrounded by fire, and its contents brought to a red heat. After being kept 
in this condition for three or four days, the bars will be found to have ab« 
sorbed a portion of the carbon, which will have made a sensible addition to 
their weight. The iron has now become steel ; and if one of the bars La 
heated to redness, and suddenly cooled by plunging it into cold water, it 
will be rendered extremely hard* It is this property which qualifies steel 
for being made into knives, scissors, axes, and all the various kinds of cut* 
ting instruments. 

The process by which iron is converted -liato steel is called cementation{3l)» 

CaroUne, Had not the effects of chemical combination been rendered 
familiar to us, by what we have previously learnt, the assertion that iron is 
rendered capable of becoming extremely hard, of bearing a fine edge, and 
receiving a beautiful polish, merely by its combination with charcoal, would 
have appeared incredible ; but this fact seems only to add one other to the 
list of evidences which prove -that the sensible properties of chemical conant 
pounds are independent of those of their constituents. 

Jlfr« B. Were further proof of this general truth necessary, there 19 
a substance composed of the same materials with steel, which might aid in 
establishing it. The substance to which I allude is black lead» 

Emily, Guided by the name and appearance only, I have alwjys sup* 
posed that black lead was some compound of the metal from which its name 
is derived. • 

•/lfr« B, Neither the name nor appearance afford any oorreet indica- 
tion of its nature, as it does not contain a single puliele of lead, but coo* 
sists of carbon, nearly pure, combined with four or five per cent, of iroii» 
This, therefore, is also a carburet of iron. In mineralogy it is known by 
the names oi plumbago and o£ ffraphite(32). 

With one of the most important salts of iron, the sulphate, yoa hftve 



50. To what does east inm owe its fusibility? 

51. In what way is iron converted into ateel, and what is the proeett 
ealled> 

32. What names has another snbstanee which it a oarbnret of iron? 
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ftlready tome Mquaintuiee i th« others I shftU leave you to study At joqv 
leisure. The property of welding, which heloDgs to this metal, enhanees iU 
value a hundred fold, and is another of those simple provisions of natare 
which, in so many instanoes, have left upon her works the impress of design 
and henevolenee. 

One other eircttmstance respecting iron must close our notice of this 
metal ; I mean its property of being attracted by the magnet, and of belay 
itself rendered permanently magnetic. 

Caroline. But does not this, power reside originally in the mineral called 
(he loadstone. ^ 

Mrs B. The natural magnet, or loadstone, is an ore of iron, and derivet 
its magnetism entirely from the presence of this metal $ but artificial mag^ 
nets, made of steel are more powerful than any of tlAse supplied by nature. 
There are two other metals that are capable of becoming magnetic : theso 
are nickel and cobaU(%S). 

CorrxB, to which we will now attend, is perhaps second only to iron, iA 
usefulness. 

Native copper is frequently found. In the neighbouriiood of Lake Superior^ 
there are enormous masses of it so perfectly malleable, that it can ha 
wrought without being first fused and refined. Although native copper is by 
Ao means rare, the metal is usually found mineralized, and there are but few 
which exist in a greater variety of combinations than this. Many of ita orefl 
exhibit beautiful colours ; these are frequently, though hot by any means 
uniformly, green or blue(34). 

Endbf. And I believe moat of its salts are of these colours. The tulphat$ 
of copper^ or blue vitriol, and the nitraie of copper, which is green, yod 
ksve already shown to us. The verSgrio, too, that forms upon our coppet 
saucepans, is always of one or other of these colours(35 ). % 

Mro JS. There is but one salt of copper, properly named verdigrio, and 
this consists of acetic octW (vinegar) united to the oxide of copper. Every salt 
of copper which accidentally forms upon the utensils employed in ourkiteh^ 
ens, is called verdigris, b^^ in mmt instances, improperly (36). 

CaroUne. I believe, however, that there is one general truth rejecting 
them all, which is no mistake, and that is, that tliey are very poisonous. 

JUro B. In giving a summary of the properties and uses of copper, if 
will be quite safe to commence with your observation. Its salts are all 
poisonous. It has a red colour, which distinguishes it from all other metals, 
excepting titanium. In a dry atmosphere it undergoes very little change ) 
but when heated, is rapidly oxidized. It forms a component part of the alloys 
ealled brass, bronze, pinchbeck, bell-metal, and several others. With the 
exception of steel, an alloy of copper and tin forms tlie best cutting instni#- 
ments, and was used for this purpose by the ancients(d7). 

You i§ay now, if you have any choice, name the metal to which we siiaU 
next attend. 

Emily, Lxu), it seems to me, may claim to come next in order, if wu 
give a preference to the property of usefulness. 

Mro B. I think your remark a correct one, as many valuable purposes 
are answered, not only by the pure metal, but by its salts and alloys. 



S3. What is said of the magnetism of iron, and to what other metals may 
this property be communicated? 

34. What is said of native copper, and of its ores? 

35. What are the usual colours of the salts of ^eopper? 

36. What salt of copper is properly called verdigrio .? ^^ ' < */^^ 
$7, What are the general properties and uses of this metal? 
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Caroline, I believe that these salts may be classed vith those of copper, 
being very poisonous. 

Mrs B, This is the ease with so large a proportion of the metallic salts, 
that excepting in individual instances, where the contrary is known, it is most 
safe to treat them all as poisons(38). 

Most of the lead used, is extracted from an i>re called galena^ which is a 
sulphuret of lead. Silver is very (requently found combined with this metal, 
and when its quantity amounts to four or five per cent, it is worth while to 
extract it, but not oCherwise(39). 

Caroline, Red lead, you informed us, is an oxide of this metal. 

•Wr« B, Yes. There are three oxides of lead ; the protoxide, commonly 
ealled Uthar^e, the deutoxide, called sAso red lead, OFminium, and the tritox- 
ide or peroxide, which is of a deep brown colour, and is frequently called 
the puce dbloured oxide. These two last, when heated, give out oxygen, and 
are converted into the protoxide, or litharge(40). 

Emdly, White lead, and sugar of lead, are not, it seems, among the 
oxides; I suppose, therefore, that they are salts of this metal. 

Mrs B, You are correct; -white lead, or ceruse, is a carbonate ofleady 
and sugar of lead is the acetate. This last is formed by boiling either litharge 
or white lead in vinegar(4l). 

Following up Emily's idea of classing the metals according to their use- 
fulness, I think that tin and zinc would next urge their claims, and perhaps 
with equal force. Without pretending to decide between them, we will first 
take some notice of tin, 

I have already told you, that what is commonly called tin, consists of 
sheets of iron, covered with that metal. 

Tin* is extremely soft, and very malleable. It is beaten into leaves called 
tin foil, and may, in this way, be reduced to the one-thousandth part of an 
inch in thickness, which is by no means the limit of itd malleability. When 
ft bar of tin is bent, a peculiar crackling noise is heard, which is called the 
cry o/<in(42). 

Do you recollect the alloys of tin, which I formerly named to you? 

Caroline, 1 remember two ; pewter, which is usually made of tin and 
lead ; and bell-metal, which is a mixture of tin and copper. 

Mrs B, Pewter varies much in its composition ; and is said sometimes 
BOt to contain any lead. Bell metal is a very brittle alloy, although both the 
metals of which it is composed are malleable. 

Gold and some other metals are also rendered extremely brittle, when 
alloyed with tin. 

Nearly all the tin used in the world is obtained from Cornwall, in Eng- 
land, or from Malacca, in India. It is the most fusible of all the metals in 
common use, melting at about 440® of heat. The nitro^muriate of tin is used 
in dying red morocco, and other articles, of a scarlet colour. The muriate 
is the principal salt of this metal used in the art8(43). 

Emily, The next metal, Ziirc, is not now new to us. Its use in the ex- 
periments on galvanism has made us familiar with its appearance, and its 
employment in forming with copper an alloy so mnch used as brass, eertainly 
gives to it no small claim to consideration. 



38. What is a very common property of the salts of the metals? 

39. What ore of lead is the most abundant? 

40. Give the chemical and common names of the oxides of lead? 

41. What is white lead, and what the sugar of lead? 

42. What are the distinguishing properties of tin? 

43. What are the commen alloys and uses of tinf 
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Jifrt B. In eommeree, zinc is fireqnentlj known under die name of spelter. < 
Calamine f which it a ctrbon&te of zine^ and blende^ which it a 8ulphttre% 
are its most common ores. The principal uses of this metal hare been already 
noticed, and need not to be repeatcd(44). a 

Caroline* You sometimes employed it in preference to iron, when making I 
hydrogen gas, and I then observed that the sulphate, left after the operation, 
crystallized in the fla^. Is thi s salt of any use ? 

Mrt B. The sulphate of zinc is, in commerce, called lohite vitrioL It is 
Qsed in medicine, and in the arts also, though principally to render paint 
drying. Nearly all the acids dissolre zinc, but its salts are generally 
unimportant(45). 

Caroline. I have been a little astonished tliat the metals, many of which 
combine so greedily with oxygen, and form with it alkalies, earths, and 
Oxides, should not, like the oUier simple inflammables, produce acids also. 

M[r8 B, Then you will not be surprised to learn, ^at there are several 
of the metals which do actually acquire acid properties by their union with 
oxygen. Aroemc^ tellurium^ chrome, molybdena, tungaten and columbium^ 
all possess this character, and there are others, which, though less decidedly 
aoidifiable, have yet some claim to admission into the same cla8s(46). The 
most important of these is Absenic. 

Emily, I can scarcely hear the name of arsenic without feeling some 
alarm, it is so deadly a poison, and accidents with it have been to frequent 
I had no idea, however, of its being a metallic body. 

Jlfr9 B. The article sold in the shops under the name of arsenic, and 
sometimes called the •white oxide of araenic, is arsenious acid; and united 
with a larger dose of oxygen, it becomes arsenic acid. These acids combine 
with a number of salifiable bases, forming arsenites and ar9eniate8{A>7). 1 

Arsenic is sometimes found native, but more commonly in combination 
with other metals. It is volatile, and when the ores which contain it are \ 
heated in furnaces, the arsenic is sublimed, combines with oxygen, and con- 
denses into a solid mass within the chimney, whence it is taken in thick 
cakes. Metallic arsenic is used in conjunction with copper and tin in mak- | 
ing the mirrors for reflecting telescopes. It renders tlieir texture compact, 
their colour white, and makes the alloy susceptible of a finer polish(48). 

Caroline, What is sold under the name of ratsbane is then arsenious 
acid; as ratsbane and arsenic, if I have been correctly informed, are the 
same thing. 

JkTrs B. They are so. But this article, although used for the destruction 
of vermin on account of its poisonous property, has formed a valuable 
medicine in the hands of the skilful practitioner. There are, indeed, few 
physicians who have not employed it. 

Another of these metallic aAds is now extensively used in the arts, the 
base of which is called chrome, 

Chkoke has been obtained in but very small quantities, as its reduction 
it extremely difficult. It is usually found acidified and eombiled with iron. 
The chromate of iron exists in large quantities at Uost in Scotland; in the 
United States, near Baltimore in Maryland, and in Chester county, Penn- 
sylvania. It is principally used for the miunufiicturing of that beautiful 
colour called chromic yeUow, which is a chromate of lead, A distinguishiug 



44. What are the ores of zinc, and what are its principal uses? 

45. What is white vitriol, and for what purpose is it employed? 

46. Name the metals which may be converted into acids. 

47. What is the nature of the arsenic of commerce? 

48. How is arsenic obtained, and what are its uses? 
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character! stio of this acid is its property of oommunicating vivid colours to 
the metallic oxides. 

Emily* I am acquainted with only one of its colours, and if it furnishes 
iny others of equal brilliancy and purity, it is indeed a valuable article. 
Among all the yellows which I have used in my painting, thf re is not one 
which I think equal to the chromic yellow in its perfect freedom from every 
other tint(49). 

MraB, AiTTivoirr is the only remaining substi^nce which is much used 
in the metallic state. The article sold under this name is the aulphuret 
of antimony^ and is the ore from which the metal is obtained. To the metal 
itself tlie older chemists gave the name of regvhtt of antimony. It is 
sometimes found native, but is usually obtained from the sulphuret(50). 

Antimony sometimes enters into the composition of pewter; and mixed 
with lead and bismuth it forms the metal of which printing types are made. 
It is from antimony that tjrpe-metal derives the requisite hardness, and the 
property of taking a fine, sharp impression in the mould. Its oxides also 
are employed for oommunicating a yellow colour to glass and to pottery 
(51). 

CaroUne, And some of its salts, I know, are used in medicine. Tim 
names of tartarized antimony, and of antimonial wine, plainly indicate thai 
the articles to which they are given are antimonial preparations. 

Mrs B. The preparations of antimony, and of some other metals which 
verc introduced into medicine by the alchemists, supply the physician witlh 
tome of the most active and most useful of his antidotes to disease; for 
although many of them are strong poisons, it is to this very cirenmstanee 
that we are indebted for their power to eonnteraet disease, when adminii^ 
tered by the hand of skill and experience(52). 

Emily* The oxides and salts of the metals appear likewise to fornish 
the greater number of .the colours used in painting. I had no idea that so 
many of them were metallitfP^ 

JIfrs B* I have mentioned but a very small proportionate number of thft 
metallic pigments, h%|ause I would not &tigne yon widi a mere catalogue. 
For the same reason I have merely named some of the metals, as they are 
studies for the closet rather than subjects for our conversations. The oxidd 
of manganese is much used in the process of bleaching; a fact which will be 
more particularly noticed when we treat of chlorine. Cobalt furnishes that 
beautiful blue colour called zaffre, or amaU^ used for making blue glass, 
colouring pottery, and other purposes. The pearl white, sometimes em* 
ployed as a pigment by the ladies, is an oxide of bismuth, the metal which 
you may recollect enters into the composition of what is called the fnsibit 
alloy, melting at the temperature of boiling water(5d). 



49, What is chrome^ and what its most useful preparation? 

60. What !b said respecting the sulphuret and the reguluB of antimony? 

51. To what use is antimony applied in the arts? 

58« What remarks are made on the medical use of metallie preparations? 

53, What is said of metallic pigments or colours? 
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CONVERSATION XX. 

I 

ON AFFINITY, AND THE LAWS WHICH GOVERN CHEMICAL 

COMBINATIONS. 

Miction of the Voltaic Battery upon Alkaline Salts. Adds passed through 
Jtlkaline Solutions^ without combinatiotu J^ature of Chemical Affinity* 
Ijaios by -which it is governed. Double Elective Attraction. Law of Dejinita 
JProportions. Atomic Theory. Combination of Gases by Volumes. JVewton'9 
Opinion respecting ultimate Particles or Atoms, Relative weight ofAtomt* 
Comparison of the absolute and relative weights. Practical advantages of 
the Law of Definite Proportions, 

Mrs B. You are aware, young ladies, that it was my intention to resamd 
tiie subject of ghexicix JlItinitt at some eonvenient period. The time has' 
now arrived when I think it may be done with great advantage. We 
have examined the greater number of the simple, or elementary bodies, and 
have traced them into many of their combinations. In doing this, it has been 
necessary to notice, incidentally, some of the principles by which these com- 
binations are governed ; but you are now sufficienUy familiar with the most 
important chemical agents, to understand those more recondite laws, the ex* 
istence of which has been discovered by the laborious researches of the 
chemist. d 

Caroline. I need not inform you that I am much pleased with inquiries *'-} 
of this description. I think, however, that my too ardent zeal for specu- 'I 
lation has been, to a considerable extent, coet^ted by the kind manner in | 
which you have so repeatedly placed me in the wrong, when I have | 
endeavoured to form theories, instead of acquiring a J^nowledge of experi- { 
mental truths. ** 

Mrs B. I have been much gratified, my dear girl, to observe your gradual 
but steady approach towards a just estimate of the value of facts, and a 
conviction of the necessity of an intimate acquaintance with all those which 
have been discovered, relating to any subject, before an attempt is made to 
connect any of them together by a theory. 

JEmily. 1 am very glad, Mrs B. to observe that you have prepared the 
voltaic battery, and are about to exhibit some experiments with it. Its power 
of decomposition is so remarkable, as to connect it very intimately with the 
subject of chemical affinity. 

jifrs B. You have witnessed the facility with which the elements of water 
are separated from each other, by the attraction of its op])osite poles, and 
you hare been informed of other decompositions, still more remarkable, 
which are effected by the same means ; one or two of these it is my purpoao 
to exhibit to you. 

CaroUne. And can you decompose the more complex substances in the 
same way in which you decompose water, which consists of two elements 
only? Can you, for example, separate the acid from the alkali in a salt, by 
means of electricity? ^ 

Mrs B. Very readily. We will take some of this solution of sniphatb 
of soda, (Glauber's salt,) and subject it to the action of the battery : you will 
find that the alkali will be attracted by the negative, and the acid by the 
positive wire, with a force sufficient to separate them from ^ach other(l). 

1. How will the voltaic battery affect an alkaline salt? 



«'j 
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By the arrangements which I have made, we ean collect the prodaett of the 
decomposition in separate vessels, as we formerly^ did the oxygen and hydro* 
gen, when we decomposed water. 

AlkaUne Salt decomposed ^ Electricittf, 




I have two cups, into one of which [C] I have ponred the solution of Glau- 
her's salt; into this likewise dips the platina wire [N] from the negative 
pole of the hattery. ITie other cup [B] contains water, and is connected 
with the positive pole, hy the opposite wire [P]. A piece of moistened cotton 
wick forms a conducting communication between the two cups. The 
attraction of the positive pole for the acid, will cause it to leave the first cup 
[C], and pass along the cotton wick, into the water of the second cup [B], 
where it will he found in solution; whilst the alkali will be detained in the first 
©up [C], by the attraction of the negative pole for that substance. This cup, 
't^ therefore, will, at the conclusion of the experiment, contain a solution of 
pure soda. I hare had the experiment in progress a sufficient length of tkne 
to effect the object(2). 

Emily. That does, indeed, manifest the astonishing power %f electric 
attraction in overcoming chemical affinity. Observe, the blue vegetable 
infusion which you have dropped into one of the cups has become red, and 
that in the other green; showing, in the first, the presence of an acid, and in 
the second, that of an alkali. 

Caroline, But what .would have bee« the result, if each cup had been filled 
with the saline solution } 

JIfrs JB, Just the same as at present. The acid of the first cup [C] 
would have passed into the second cup [B], and the alkali from that into the 
first cup [C]. All the sulphuric acid, therefore, would havi been found in one 
cup, and all the soda in the other. 

Caroline, Astonishing! They must then have actually passed each o&er 
sn going along the cotton into their respective cups^S). 

•/fn Acidpoiied through an AUcaUne Solution* 



I- 

L 




Mrs B» "We can vary the experiment so as to render it still more striking, 
by using three cups, and putting into the central cup [A] an alkaline solution; 
I the Glauber's salt being placed in the negative cup (G), and the positive 

I cup ( W) containing water only. The acid will be attracted by the positive 

i wire (P), and will actually appear in the vessel (W), after having passed 

' through the alkaline solution conUined in the centre cup (A), without oom- 



S. Betcribe the manner of conducting the experiment? 
3. If each oup contained the salt, what would be the rcniltf 
S 



^ . 



208 CONVERSATIONS ON CHEMISTRY. 

biniDg with it; although, you kaow, acids and alkalies are so mueh disposed 
to unite(4). 

Emily, It is no longer surprising to me, that the discovery of Toltaic 
electricity should have greatly advanced the inquiries of the chemist into 
the composition of bodies, as the power of your apparatus, which you say is g 
a comparatively small one, appears to be superior to that of chemical affinity, 
and sufficient to counteract the energetic attraction which subsists between 
sulphuric acid and the alkalies. What then may not be expected from thoM 
magnificent batteries of which we have heard you speak(5). 

JMfrtf B. We must now examine those laws of combination which are to ^ 
form the main subject of onr inquiries to-day. Tour attention has been so 
frequently called to the effects of chemical attraction, or affinity, that you 
eannot have forgotten what are the circumstances under which it is exorted^ 
as formerly explained to you. 

Emily, Certainly not; GnSMiciL attractioit is that attraction which 
subsists between bodies dissimilar in their natures, and which occasions them 
to combine and form a compound possessed of properties different from those 
of the combining 8ubBtanees(6). 

JVfr» B, Very well; your definitiotf comprehends what is sometimes 
called the first law of chemical attraction, namely, that it takes pkkce only 
betveen bodies of a different nature{7). 

CaroUne. That we understand, of course; for the attraction exerted be- 
tween particles of a similar nature is the attraction of aggregation or eohe- .^ 
sion, and u independent of any chemical power. 

jilrs B, Another law of chemical atti^action is, that it is exerted onlybe^ 
tween the most minute particles of bodies; and hence it follows thAt mechanic 
col division promotes chemical action, ^ 

CaroUTie. That is a circumstance which we might have inferred; for it 
is evident that the more fine we make the particles of different substances, 
the more easily and perfectly they wUl come into contact with each other, 
which, of course, must greatly facilitate their union. Indeed, we habitually 
practise upon this rule, as we always pulverize a solid when we wish to dis- 
solve it rapidly in a fluid(8). 

J^rs B. It is for this same reason that bodies act most readily upon each 
other tvhen one of them is in a state of solution. It was, in fact, formerly 
laid down as a law, that bodies would not act chemically upon each other 
unless this was the case. There are, however, many instances known in which 
new combinations may be formed by the mutual reaction of substances which 
are in a solid and perfectly dry state(9). To produce this effect, such sub- 
stances should be reduced to fine powder, and mechanical force employed 
to cause the particles to approximate. 

Observe; I rub together, in this mortar, some muriate of ammonia and 
quicklime, both of them being quite dry. When separate, neither of these 
substances possesses odour; you may now find that the latter character is 
not retained by them* 

Emily. What a powerful smell of ammonia, and so acrid it actually 
makes the tears run from my eyes. This is the same mixture by which you 
formerly obtained ammonia; and, of course, a muriate of lime is now formed 
by the union of the acid of the sal ammoniac with the lime(lO). 

4. Describe the experiment as performed with three cups. 

5. What is remarked respecting the power of electrical attraction? 

6. What is affinity, and between what bodies is it exerted^ 

7. What is the first law of chemical attraction' 

8. What is the next law, and what is said respecting it? 

9. What is observed respecting the effect of solution? 
10. What experiment with sal ammoniac and quicklime is mentioned^ 
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' M's S* There are also many explosive powders which ignite hy a very 
slight friction, and which might, therefore, be fairly presented as exceptions 
to the rule advanced by the- older chemi8ts(il). 

. Another law of chemical attraction is, that combpnaHon may take place 
between twOy three, four , or even a greater number of substances. This law 
yoii have seen fully exemplified in the formation of several saline bodies, as 
veil as in other instances; and indeed, I am sure that as these laws are 
presented to you, you will observe that I am only bringing together rules 
with which you have already some* acquaintance. I have been careful to 
notiee most of them, whenever they were experimentally illus(rated(12). 

Emily, And I am sure that we i^all derive great benefit from a syste- 
matic repetition of these laws which have hitherto been presented to us as 
isolated facts. 

Mrs JB. That a change of temperatitre ahoays takes place. at the moment 
of combination is a very important law, and one of which your recollection 
-will readily furnish many example8(13). 

Caroline, The simple fact, that a change of capacity for caloric occurs 
whenever bodies combine chemically, must, o%necessity, render this law 
universal. There is so generally a change of form, too, when bodies com- 
bine, that this circumstance alone would account for a change of tempera- 
ture(l4). 

JIfrs B. Recollect, however, that a change of form is not necessary to a 
change of temperature. When I poured cold sulphuric acid and water to- 
gether, the mixture remained fluid, yet the temperature was raised to 
upwards of three hundred degrees, which is far above that of boiling water; 
but although the form remained unchanged, the mixed liquids were more 
dense than in their separate state, and their capacity for caloric was conse- 
quently decreased(15). 

I will here repeat another law, although it is included in Emily's defini- 
tion of chemical attraction; it is this: the properties tvhich characterize bodies 
•when separate, are modified, or completely changed, by their combination, 

Mmily, The evidences of that law meet us every where. What can dif- 
fer more completely than water does from oxygen and hydrogen gases; or 
what can resemble sulphur, oxygen, andiron less than does common cop- 
peras, the sulphate of iron(l6). 

JIfrs B, The law that a body possessing an attraction towards a number 
of others, possesses it in different degrees, was explained to you in our first 
conversation, (p. 22,) and you cannot have forgotten the tables of simple 
affinity which the chemist constructs to exhibit this fact The principle 
upon which these tables depend is expressed in the law, that the force of che- 
mical affinity between the constituents of a body is estimated by that which is 
required for their 8eparaiion{17), 

■ Caroline. 1 should find it difficult to conceive how there could, in fact, 
be any other measure of this force; and certainly the decompositions which 
the chemist effects must depend upon his knowledge of this difference in the 
force with which bodies attract each other. The tables of simple affinity 
must be a most perfect guide to him in effecting his operations(18). 



11. What other compounds illustrate the same fact? 

12^ What is said on the combining together of several different bodies? 

13. What is the law respecting a change of temperature? 

I4i. What are the observations made oa this point? 

15. What remarks are made respecting sulphuric acid and water? 

16. What is the Ifiw relating to a change in the properties of bodies? 

17. What respecting the affinity of a body for several others/ 
18« What are Caroline's observations regarding this law? 
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Mrs B» Toa estimate the utility of these tables too highly. Whenerer 
the decompositioQ of a body can be effected by the addition of a single new 
substance, the change is said to take place by nmple affinity, and then such 
tables are Yery useful; but it often happens that no single substance vill ^ 
decompose that upon which the chemist wishes to operate, and he finds it 
necessary to add to it another compound body, in order to effect his pur* 
pose. In this case, both the compounds will be decomposed by the mutual ^ 
interchange of their constituents, and two new compounds will be formed. 
All instances of this kind are said to result from soublx slsctite attsao 
Tioir, or complex affinittf {19). 

Emily. Was not the decomposition of water by phosphuret of lime, a 
case of this kind ? (p. 145.) Both the water and the phosphuret of lime were 
decomposed, whilst phosphuretted hydrogen, and phosphate of lime were 
produced. 

Mrs JS. This was an instance of the exertion of complex affinity; but my 
present object will be best attained by an example of the mutual decomposi- 
tion of two salts. This you will easily comprehend by the assistance of a 
diagram, or table, which ^W very distinctly present an example of double 
elective attraction, together with some collateral circumstances accompanying 
the decompositions effected by it 

These diagrams are rarioosly constructed, but after understanding one of 
them, you will find no difficulty with others, although they may be differ- | 
ently arranged. \ 

The two compounds which I have chosen for an example, are the sulphate 
of soda, (Glauber's salt), and muritite of lime, a salt which, as its name in- 
dicates, is composed of lime and muriatic acid. If these two be mixed 
together in a state of solution, they will both be decomposed. The hasei 
will exchange acids, or, if you please, the acids will exchange bases, and two 
new salts will be formed. This is the Uble(SO). 



Muriate of Soda. 



BVLPHXTX r Soda ^ Muriatic acid ^ wcraxAtM 



o» r 



and and > y oy -/ - 



BOBi.. LSulphuric acid. Lime. J uiu. 

* , ' 

Sulphate of lime, 

Caroline, I seem, from the mere view of your diagram, to have acquired 
some insight into the plan of such tables, although I am not quite vain 
enough to attempt an explanation of it, and of the attractions which it is meant 
to exemplify. 

Mrs B. On the outside of the vertical brackets you have the names of 
the original salts, and on the inside the name of the acid and base composing 
each of them. Above and below are the new compounds produced by their 
decomposition. The soda unites with the muriatic acid, and forms mu- 
riateofsoda (common salt); and the lime with the sulphuric acid, producing 
sulphate ofUme (plaster of Paris)(Sl). 

Emily, This diagram certainly renders the double decomposition of these 
salts quite clear; and it is plain Uiat if one of them is decomposed, the ether 



19. What remarks are made on double elective attraction? 

5K). What are the substances chosen to exemplify such attractions? 

91. Describe the table for exemplifying complex affinity. 
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mast be so also. But is there any particular reason for placing the moriatift 
of aoda above, and the sulphate of lime below? 

Mrs JB. Yes, a very sufficient one. Before mixture, both salts were in 
solution; but their decomposition has produced one soluble salt, the muriate 
of soda, and one which is insoluble, the sulphate of lime. The solubility of 
the former is intended to be shown by its being placed above, with the 
bracket pointing upwards. The precipitation of the latter is indicated by 
its being placed below, with the bracket pointing dDwnwards(22). 

CaroUne. If lime alone had been added to the sulphate of soda, would 
not a sulphate of lime have been formed? Or if, instead of that, muriatie 
acid had been added, would not a muriate of soda have been produced by 
aimple affinity? 

jiSra JB. The sulphate of soda would, in either case, have remained unde<- 
composed; as neither the attraction of sulphuric acid for lime, or of muriatic 
aeid for soda, wQuld have equalled that existing between sulphuric acid and 
Boda. But when the two operate together, the decomposition is effected (23). 

Emily, This seems a little like the adhesion of two articles which have 
been cemented together too firmly for the strength of one man to separate 
them, but which might be drawn asunder by the power of two men; when 
each of them would obtain a share of the 8poil(24). 

Caroline, There is a circumstance in chemical combinations, respecting 
which I have repeatedly thought of making an inquiry. The same bodies 
unite in different proportions; as, for example, oxygen and the metals. We 
may have a protoxide^ a deutoxide, and a tritoonde^ but we hear nothing of 
the intermediate states. Yet, if it requires a certain quantity of oxygen to 
form a protoxide, and double this quantity to produce a deutoxide, there 
must be a period when the metal Is passing from one state to the other, and 
in which it must be halfway between them(25). 

Jifr8 B. The solution-of this difficulty will lead us to the discussion of 
some points, which, although intricate, are yet of too much importance to be 
allowed to pass unnoticed. You must acquire some clear ideas respecting 
what is called the larw of combination in definite proportiona, and the atomic 
theory of the chemical constitution of bodies. These twc subjects are inti- 
mately connected with each other, and are necessary to the understanding 
of the phenomena of chemical attraction(26). 

There are some bodies which combine in all proportions; as alcohol and 
water, or sulphuric acid and water. One drop of the acid or of the alcohol 
will diffuse itself through a gallon of water, or one drop of water through a 
gallon of either of them. But in this, as in all such cases, the substancea 
are united by a very feeble attraction, and the properties which characterized 
them when separate, undergo but little change by their union; resembling 
in this particular a state of simple mixture(27). 

The law of cokbisatioit iir ssriNiTs fbopobtioits applies to every case 
of energetic chemical attraction; that is, to all cases in which the properties 
of bodies are considerably altered by combination. The law is this; acom» 
pound substance, so long as it retains its characteristic properties, must alrsayt 
consist of the same elements united together in the same proportions{iS). 

Endly, I think that this truth is almost self-evident. For, if it requires 
a certain quantity of an alkali to neutralize a given quantity of an acid, the 



22. How may it indicate the solubility or insolubility of a salt? 

23. Why would not lime-aloue decompose the sulphate of soda? 

£4. What simile is used to illustrate such double desompositions? • 

25. What inquiry is made respecting the formation of oxides? 

26. What law and theory are involved in the reply to this inqniiy? 

27. What is said of bodies uniting iq all proportions? 

88 • How is the law of combination in definite proportions annoiiiioed ' 

S 2 
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eorabiaation of a greater or a smaller proportion could not produce a neutral 
salt A part of one or other of the ingredients must remain unoombined, or 
else a new kind of salt must be formed. When oxygen and hydrogen gases 
vere made to combine and form water, you took two volumes of hydrogen 
to one of oxygen, both of which disappeared entirely; but had you em« 
ployed a lai^r proportionate quantity of either, this excess would have 
remained in the gaseous state after the explosion. You told us that such 
would haye been the fact, and it appeared perfectly natural(29). 

M[r9 B, I was fully aware that this law would present no difficulty to you* 
You have mentioned the union of oxygen and hydrogen forming water: do 
you recollect that there is another combination of these principles? 

CaroUne. Perfectly well. It is called the deutoxidcy or peroxide qf 
hydrogen. I remember, also, that when compared with water it contains 
just twice as much oxygen in proportion to the hydrogen. In decomposing 
this peroxide, therefore, we should obtain equal volumef of oxygen and 
hydrogen. There is certainly something remarkable in this, if it be not 
purely accidental (30). 

Mrs B, So far from being accidental, it is believed to be an IndiTidual 
example of a law which is universal; namely, that ivhen gaaeout subttance* 
unite together, the volumes of the combining gases always bear a simple ratio to 
each4>ther(Si), Thus, to form water, one volume of oxygen unites to two 
of hydrogen. To form the deutoxide of hydrogen requires equal volumes 
of the gases. When nitrogen combines with hydrogen, and produces am* 
monia, the combination is in the proportion of one volume of the former 
gas to three of the latter. And when sulphurous acid is converted into sul- 
phuric acid, it is by the condensatbn of two measures of the acid gas and 
one of oxygen(32). 

I might in this way go through the whole catalogue of those gases which 
combine chemically with each other, and show you that their nnion always 
takes place in definite proportions, and in volumes which may be measured 
by the same standard. 

Emily, I think I now understand this law of definite proportions very well, 
so far as it regards tlie union of the gases, as of oxygen with hydrogen, and 
of hydrogen with nitrogen, in the instances you have just mentioned; but in 
the case of acids and alkalies, when the bodies are either liquid or solid, 
I do not perceive how their bulks or volumes can be measured in order to 
ascertain the proportion in which they combine. 

Mrs B. Your observation is quite in point: the fact is, that the law of 
combination by volume, does not prevail in regard to liquids and solids. In 
these we must leave the circumstance of bulk entirely out of consideration* 
It is to their -weight that we must attend, in determining the proportions in 
which they combine; and, accordingly, if we take the combining substances 
ia a state of perfect purity, and ascertain with great accuracy, once for all, 
the proportions by roeight in which th»y unite, we shall find that in every 
other instant^ where diese substances have au opportunity of combining, so 
as to produce the same compound, they will unite in the same proportions 
and in no other. If the same principles form other compounds, their union 
-will be in such proportions that one of the bodies shall be, in weight, exactly 
double, triple, quadruple, or in some other exact multiple ratio, to what it 
was in the former combination(d3). 



29. What considerations render the truth of this law manifest? 

SO. What is noticed respecting the combinations of oxygen and hydrogen? 

91. What is the law relating to the combination of gases? 

52. What examples are given of the truth of this law ? 

33. How does the law of definite proportions apply to solids? 
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The apparent exeeptions to this law bare been oontinuallf decreasing in 
number, as more perfeet methods of analyzing bodies have been diseoyered, 
and in the minds of intelligent chemists, not a doubt remains of its uniyer** 
sality. 

CaroUne. This lav requires a good deal of attention to be veU under- 
•tood. The examples yoa haye given ns as regards the gases, appear suffi- 
cient to establish the fact of their combining in measured yolumes; and I 
have no doubt you will furnish testimony equally satisfactory respecting 
liquids and solids. I should like to know, however, whether any rational 
theory has been devised to account for these facts. Believe me, I have not 
now Uie temerity to inquire whether the cause is known. 

JkTr* B, Your wish is equally natural and proper, and, as far as my ability 
extends, it shall be gratified. The attraction of compoaition, you know, takes 
place only between the minute constituent particles of bodies, that is, among 
what has b«en sometimes called their ultimate atonu. Assuming this as a 
fact, and admitting that all bodies consist of ultimate atoms, which are in 
their natures indivisible, Mr Dalton, a very eminent English chemist, has 
proposed and advocated, with great ingenuity, what . is called the atokio 
THXonT(34). 

Emily, Although I am aware that matter is divisible into particles incon* 
eeivably minute, yet I cannot form any idea of one of these particles which is 
not, in imagination at least, capable of being divided into halves or quar- 
ters(35). 

j(tr9 B. It is believed by many philosophers, with Sir Isaac Newton at 
their head, that matter is composed of vltimate particlea, or atoms, which 
are in their nature infinitely hard, and indivisible; that by the aggregation 
of such atoms similar in their natures, simple bodies are produced, and that 
by the combination of such as are dissimilar, compounds are formed(d6). 
Thus a mass of lead consists of innumerable atoms of lead; and a mass of 
oxide of lead is formed of such atoms of lead, combined with atoms of oxygen. 

You can very readily conceive that one atom of lead may unite* with one 
of oxygen, and produce one compound atom, which will of course be an 
oxide of lead. But as the simple atoms are ultimate, or indivisible, the atom 
of lead cannot combine with one and a fifth of oxygen, although it may units 
with two, three or four atoms(d7). 

Caroline. I am delighted with the simplicity and the clearness of this 
theory, and although you may not allow me to adopt it as absolutely true, I 
cannot help believing in it already. One atom of lead uniting with one of 
oxygen, would of course form a protoxide; if it combined with two of oxygen, 
a deutoxide would result, and if with three, the combination would produce 
a tritoxide. Really I do not see how so perfect a theory can admit of a 
doubt(38). « 

Mra B. It is because it is not susceptible of absolute proof. We speak of 
ultimate atoms, and admit their existence to be highly probable, but further 
than this we cannot go; we cannot examine these ultimate atoms, millions 
of which may be contained in the smallest visible particle of matter. Renew* 
ing, therefore, my caution on the subject of theory, I shall in future freely 
use the terms atom and atoms, when speaking of the proportions in which 
bodies combine, without intending either to assert or to deny the correct* 
ness of the atomic theory(39). 



54. On what assumption is the atomic theory foa]kled^ 

95. What remark is made on the divisibility of particles? 

86. What was the opinion of Newton rtBT^ectin^ ultimate particlee? 

37. What is said of the combination of these nlttmate particle*? 

38. What are the remarks of Caroline respecting this theoiy? 

39. Why may not the truth of this theory be fully admitted^ 
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Emdly. It seems to me straiig;e that the same lav should not prevail in 
the combination of bodies, vhether gaseous or solid; but that the former 
should corabioe in gireu proportions hj volume, and the latter in given pro- 
portions by weight. 

Mrs B, It is oertainly a very eurious and interesting fact, that the 
combining volumes of the gases always bear a simple ratio to each 
other. But you will readily perceive that these combinations are as truly 
governed by weight as are those of solids. Hydrogen and oxygen unite 
in given proportions, and form water. When the deutoxide of hydrogen is 
to be produced, its formation requires a double bulk or volume of oxygen, 
which is evidently the same thing as a double weight of it In treating of 
the gases, therefore, it is as proper to speak of their combination in propor- 
tionate weights, as it is to represent them as uniting in proportionate 
Tolumes(40). Water is believed to consist of one atom of hydrogen united 
to one atom of oxygen; and as the fluid produced by their •embination 
weighs just nine times as much as that of the hydrogen employed, it thence 
follows that the weight of one atom of oxygen must exceed that of the atom, 
of hydrogen eight fold. Were we, therefore, to represent the weight of an 
atom of hydrogen by the number one, the weight of an atom of oxygen would 
be represented by the number eight(41 ). 

Caroline* But, Mrs B., how can you speak of weighing atoms, after ad- 
mitting that they are inconceivably minute. They must be, practically at 
least, as imponderable as light and heat themselves? 

Mrs B. I did not, my dear, speak of veighing atoms, but of the relathjB 
•weight of atoms. If I tell you that water is 800 times heavier than air, 
I communicate a definite idea, although I say nothing of the absolute weight 
of either. If the constituents of water unite atom to atom, each atom of 
the fluid roust consist of one atom of oxygen and one of hydrogen; and these 
compound atoms, by their accumulation, produce sensible portions of water. 
But the relative weights of the oxygen and the hydrogen must be the same, 
whether contained in a single compound atom, or in Die ocean(42). 

Hydrogen being the lightest body known to us in nature, its atom is gene- 
rally made the standard with which all other bodies are compared(4d). If 
we call the weight of the atom of hydrogen 1, that of oxygen will be 8, that 
of carbon 6, of sulphur 16, of potassium 40, and of lead 104(44). 

Emily. The mode of calculating the relative weights of the atoms of oxy- 
gen and hydrogen appears to me quite satisfactoiy; but I am entirely at a 
loss to discover how the relative weights of other atoms can be deduced 
from these, particularly as there are many bodies with which hydrogen does 
not combine, as with lead for example(45]. 

Mrs B- This is a point which I cannot fully explain without devoting 
too large a portion of time to it. After supplying you with a general idea of 
the subject, I must trust to your pursuing and applying it in your future 
studies. But to remove your difficulty respecting ^hydrogen and lead) 
although these do not combine, yet oxygen and lead combine in several propor- 
tions; and if we can discover how many times the weight of an atom of lead 
exceeds that of an atom of oxygen, we can then tell also, how much it ex^^ 



40. What is observed respecting the combination by volume in gases, 
and by weight in other bodies? 

41 . How may the atomic weight of hydrogen and of oxygen be compared ? 

42. What is observed respecting the weighing of atoms? 

43. Why has hydrogen been generally chosen as the standard of com- 
parison? 

44. What numbers represent the weight of certain atoms? 

45. What difficulty is stated respecting the estimating of these weights? 



v: 



ON THE ATOMIC THEORY. 213 

ceeds tliat of an atom of hydrogen, one of these weighing exactly eight times 
as much as the other. 

Caroline. I see plainly that by knowing the ratio which exists between 
oxygen and lead, and between oxygen and hydrogen, that between hydrogen 
and lead may be readily found. 

Mrs B. When oxygen and lead combine, and forpi the protoxide of 
lead, which is believed to consist of one atom of each, every eight grains 
of oxygen will produce one hundred and twelve grains of the oxide. Now, if 
the weight of the atom of oxygen, which is represented by the number eight, 
be subtracted from that of the atom of protoxide of lead, which is represented 
by the number one hundred and twelve, one hundred and four will remain 
as the weight of the atom of lead(4.6). In forming the peroxide of lead, one 
hundred and four grains of the metal combine with* sixteen of oxygen, and 
the compound will weigh one hundred and twenty grains. In this, therefore, 
one atom of lead has combined with two atoms of oxygen, and if this per- 
oxide be heated to redness, it parts with half its oxygen, and becomes a prot- 
oxide(47). 

Emily. In your illustration you speak of grains and of atoms, indifferently, 
as though one would serve to represent the other. I do not clearly perceive 
how this can be the case. 

Mrs B. A little reflection will render it perfectly dear, and perhaps 
it will be best to recur to water for the purpose of illustration; and you can 
afterwards apply the same reasoning to oxide of lead, or to any other com- 
pound. Suppose you had a sufficient number of atoms of hydrogen to 
weigh one grain; if you know that an atom of oxygen weighs eight times as 
much as one of hydrogen, you would at once perceive that in eight grains of 
oxygen there must be precisely the same number of atoms as in one grain of 
hydrogen. Suppose the number of atoms in each, that is, in the eight grains 
of oxygen and the one grain of hydrogen, to be one million, then nine grains 
of water would contain two millions of ultimate atoms, one half of which num- 
ber would be atoms of hydrogen, which, at the same time, would form only 
one-ninth part of the whole weight. Whether, therefore, wc speak of atoms, 
grains, or pounds, the number one would still represent the weight of thQ 
hydrogen, and the number eight that o^the oxygen(48). 

In forming the protoxide of lead, consisting of one atom of each of its con* 
stituents, the weight of the lead is thirteen times as great as that of the oxy- 
gen, and therefore one hundred and four times as great as that of an atom of 
hydrogen. The numbers one, eight, and one hundred and four, will, 
consequently, represent their relative weights(49). 

Caroline. I confess that I do not find this a very easy part of the sub- 
ject; yet I am fully impressed with its truth and importance, and hope that 
further inquiry and reflection may serve to remove the veil which now par* 
tially obscures it. 

Jilra B. I have no fears upon this point; for we shall have repeated oppor- 
tunities of illustrating tliese atomic weights, which I shall be careful to em- 
brace. To those I have just given, I will now add one other example in the 
two combinations of oxygen with carbon, carbonic oxide and carbonic acid. 
From these you will see why the atom of carbon is represented by tlie number 
six. Eight parts by weight of oxygen unite with six of carbon, and produce 
fourteen of carbonic oxide: this, in passing to the state of carbonic acid, absorbs 



46. How is the weight of an atom of lead deduced? 

47. What is said of the peroxide and protoxide of lead? 

48. How may the absolute weight of a compound, and the relative veight 
of its atoms be computed? 

49. Why may the numbers, one, eight, and one hundred and four, repro« 
sent the relative weight of an atom of hydrogen, oxygen and lead? 
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eight parts more of oxygen, producing twenty-two of carbonic aeld. The first 
is formed by one atom of oxygen=8, uniting to one atom of carbon s=s 6, and 
producing one atom of carbonic oxidesrsl4. Carbonic acid consists of two 
atoms of oxygen 8X^=16, and one atom of carbon=s6, making the atom of 
the acida=22(50). 

Caroline. But how can you be certain that the first combination consists 
of one atom of each; why may there not be two atoms of one, and one of the 
other? 

Jktrs B. It maybe shown upon mechanical principles that the most ener- 
getic attractions will be those of particle to particle; and it is therefore per- 
fectly fair to infer, that those chemical combinations which bodies have the 
greatest tendency to form, and in which they most resist decomposition, are 
af this kind, especially when we find such an inference borne out by fair 
reasoning, founded upon numerous experiment8(51). 

To preserve a recollection of the examples which I have given to you, I 
have set down the substances and their atomic weights in a tabular form, 
which you may examine at your leisure(52). 

Atomic Weight, Weight of Weight of atom 
of bat 
Water is composed of Hydrogen 1, 
Deutoxide of hydrogen do 
Protoxide of lead Lead 

Peroxide of lead do 

Carbonic oxide Carbon 

Carbonic acid do 

For the sake of simplicity I have confined each of my examples to the 
eombination of two simple bodies only, but the same law prevails in the for- 
mation of ail compounds, however complex they maybe. 

Emily, And has the chemist been able to derive any particular advantage 
from the knowledge of the law of definite proportions? 

Jtfr« JS. Yes, and a very considerable one; for it enables him to form 
tables, by which he can see, at a glance, the composition of all the bodies 
which have been accurately analyzed, and ascertain in an instant what quan« 
Uty of one body will be necessary to saturate, or to decompose, a certain 
quantity of another; and, in general, to construct tables which serve to pre« 
Btnt, in one view, the result of any chemical decomposition, and the quan- 
tities of the new compounds formed; by which means a considerable saving 
of labour is effected, whether in enabling us to calculate beforehand the 
results of any manufacturing operation, or in estimating those obtained in 
analytical pi?ocesses(53). But 1 perceive the subject is becoming rather too 
intricate for us. We must not run the risk of entering into difficulties 
which might confuse your ideas, instead of throwing additional light upon 
this abstruse part of the philosophy of chemistry. 
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50. Give the example of the combining proportions of oxygen and carbon. 

51. When do we infer that a combination contains one atom of each of it« 
constituents? 

52. Give the atomic constitution of the compounds named. 

53. What advantage is derived from the law of definite proportions? 
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CONVERSATION XXI. 

ON THE COMBINATIONS OF OXYGEN AND NITROGEN. 

Five Combinations of Oxygen and J^trogen, State of the two Gases in 
the Atmosphere, Oxygen supplied by Growing Vegetables. Atomic Con^ 
stitution of the Compounds of Oxygen and J^Titrogen, JS/ttric Acid formed 
by Mature. Its production by the Electric Spark, Mode of obtaining it from 
^itre. Charcoal and Spirits of Turpentine f. red by it. Decomposition of 
JVitric Acid by If eat and Light, Uses of J^Titric Add, 

JUrs B. When I inform you that our attention to-day -will be devoted 
to the combinations of oxygen and nitrogen, you will probably think that we 
are retrograding instead of advancing in our chemical inquiries. You un* 
doubtedly recollect, however, that in our conversation upon the subject of 
the atmosphere, but little was said respecting nitrogen or its combinations. 

Caroline, And I must confess that this same nitrogen appeared to me 
to be 80 much of a passive being, that there was but little to say about it; 
all the active properties of the air manifestly depending upon its oxygen. 
We have since, it is true, met with nitrogen in one combination in which 
it assumes no insignificant character; for, certainly, as a component part of 
lunmonia, it seems to be any thing but inert. 

In recurring to nitrogen, which you have previously intimated enters intb 
other active compounds, and contributes its full share to their properties, I 
feel that, notwithstanding the many examples which we have witnessed of 
the transforming power of chemical combination, I still find it difficult fully 
to'realize its influence. I am, even now, scarcely prepared to anticipate the 
complete metamorphosis which it produces among our every day acquaint- 
ances, such as the air we breathe, and the water that we drink; although 
these are events witfi which you have made us in some degree familiar. 

Mrs JB, The most striking example of this thorough change of proper^ 
ties is, perhaps, that upon the examination of which we are now entering; as 
the component parts of the atmosphere, oxygen and nitrogen, unite together 
in five different proportions, forming as many well characterized compounds, 
three of which are acids, and two oxides(l]. 

Emily. The atmosphere, you have told us, is uniform in its composition; 
the proportionate quantities of oxygCT and nitrogen being the same at all 
times and in all places. I have often thought of this fact, and have as often 
been at a loss to account for it There are so many processes by which the 
oxygen of the atmosphere is separated from it, and made to combine with 
other bodies, that a constant variation in its amount might be expected. 

Mrs B. The air of the atmosphere Is not reckoned among the five com* 
pounds to which I have alluded, as it is generally believed, that, notwith- 
standing the uniformity of its constitution, the gases of which it consists are 
in a state of simple mixture(2). The arguments in favour of its being a 
chemical combination, rest upon the fact, that the oxygen is to tlie nitrogen 
precisely in the proportion of one to four, by volume, whilst their atoms are, 
in number, as one to two; agreeing in every respect with the law of definite 
prQportions(3). 



t . How many chemical combinations are there of oxygen and nitrogen ? 
S. Is it believed that they are chemically combined in the atmosphere? 
d. What eireumstance favoori the idea of their chemical eombinatioA? 
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Caroline. I should think this proof sufficient, as these exact proportions 
could not be the result of mere accidental mixture. 

J^rs B. There was no doubt design in thus constituting the atmos^ 
phere. But abler chemists than we are have considered the proofs of sim- 
ple mixture to be sufficient to establish the fact. If we take oxygen and 
nitrogen, and mix them in the proportions in which they are found in the 
atmosphere, the temperature will be unaffected, the specific gravity, and 
indeed all the sensible qualities of the mixture will he precisely those of 
common air. There is, consequently, not the slightest evidence that any 
chemical action has taken place(4). 

Caroline, I find that I ought to have heard both sides of the question before 
giving my opinion. I should like, however, to know bow nature supplies the 
oxygen which is lost in combustion, in respiration, and in other processes 
"which decompose the atmosphere. 

Mrs JB. It is probable that growing vegetables are the principal, if not 
the only agents employed in effecting this purpose. During the day, a healthy 
plant absorbs carbonic acid from the atmosphere, and gives out oxygen. In 
the night, it is time, the reverse operation takes place, oxygen being absorbed 
and carbonic acid evolved, but still not in quantities sufficient to counteract 
the first effect(5]. 

As regards the other compounds of oxygen and nitrogen, you will find 
evidence enough of their chemical union. The gases of which they consist 
may be mioreJ together in the five proportions in which they can be made to 
combihe, but will not in this state acquire any of those properties which 
80 strongly characterize them when their atoms haye united by chemical 
attraction(6). 

Emily, 1 am glad that we have acquired some knowledge of the atomic 
theory, as it will undoubtedly enable us to trace these various combinations 
more perfectly than we could have done without such information. 

J^rs B, That was my principal motive for deferring the consideration of 
these compounds until the present period, as they will serve to exemplify 
the use of this theory in a very satisfactory manner. The weight of an 
atom of nitrogen has been found to be foitrteen; that*of oxygen, you will 
recollect, is eight, hydrogen being one; or in other words, an atom of oxygen 
is eight times, and an atom of nitrogen fourteen times, as heavy as an atom. of 
hydrogen(7). The compounds of nitrogen and oxygen increase regularly from 
one atom of nitrogen with one of oxygen, up to one of nitrogen with five of 
oxygen. They are exhibited in this table, which yon should copy and preserve, 
until you recollect the numbers. ^ 

Composed of 
J^trogen. Oxygen^ 

1. Protoxide of nitrogen, or nitrous oxide, 1 atom -f- 1 atom. 

2. Deutoxide of nitrogen, or nitric oxide, 1 atom -f- ^ atoms, 
d. Hyponitrous acid, • • i. t atom -f* 3 atoms. 

4. Nitrous acid, • - • - 1 atom -|- 4 atoms. 

5. Nitric acid, . • - - - 1 atom -j- 5 atoms(8). 
Caroline, And we, it seems, are inhaling, at every breath, the elemenii 

of all these different compounds. It appeal's a little surprising that two 
substances which are capable of uniting in so many different proportions, 
should still remain merely mixed together, as they do in the atmosphere. 



4. What are the facts which militate against this opinion? 

5. From what source is the waste of oxygen probably supplied? 

6. What Is remarked respecting the five known combinations? 

7. What is the atomic weight of nitrogen, hydrogen being one? 

8. How are the compounda of oxygen and nitrogen constituted ? 
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Mrs B» The repulsive agency of the caloric, which is combined with 
them in the gaseous state, completely counteracts their chemical attraction 
for each other. But when oiie or both of them are in the nascent state, they 
readily unite(9). Although oxygen and nitrogen are capable of forming these 
five several compounds, only one of them is known as a natural product, and \ 

that is the nitric add. All the others are artificially obtained by the chemist 
in his laboratory j and, in most instances, by the direct decomposition of this 
acid(lO). 

Emily. All that is necessary to convert nitric into nitrous acid, must be 
to deprive the former of one-fifth of its oxygen; and it is plain that upon 
the same principle, all the other compounds may be obtained. This indeed 
is a most satisfactory illustration of the atomic theory(ll]. 

Caroline. Nitrogen, from its combination with oxygen, would seem to 
claim a place among the combustibles, yet I have no recollection of any fact , 
which shows that it is capable of beiag burnt, although it can be oxygenated 
in 80 many different proportions. 

J^fra JS. Nitrogen is a body which seems to stand alone in its relation- 
ship, both to combustibles and to supporters of combustion, as it cannot be 
classed with either. It does not support coipbustion; and whilst it unites 
with oxygen and with the other bodies which do support it, it does this 
without the disengagement of light and heat, which you know are the essen- 
tial characteristics of combustion(12]. 

In examining the compounds of oxygen and nitrogen, we shall commence 
with the last upon the list, that is, nitric acid. This acid, I have in- 
formed you, is presented to us ready formed by nature, and all the other 
compounds may be obtained by its decomposition, simply, as Emily observes, 
by depriving it of different portions of its oxygen. You ought to know, 
however, that the chemist can produce nitric acid by effecting the direct com- 
bination of its elements, as they exist in the atmosphere. If a mixture 
of oxygen and nitrogen be confined in a glass tube, and a succession of 
electric sparks be made to pass through the tube, the bulk of the gases 
will be found gradually to diminish, and after several thousand electrical 
discharges, a minute quantity of nitric acid will be obtained(13). This 
experiment was first performed by Dr Priestley, but we are indited to the 
repetition of it by the eminent cjiemist Mr Cavendish, for the correct 
deduction that nitric acid is composed of the bases of oxygen and nitrogea 
gase8(l4). 

Caroline. If the electric fluid causes the gases to unite, why is there not 
a portion of nitric acid formed in the atmosphere in a thunder storm, when 
the lightning repeatedly passes through it? We should be in a sorry con- 
dition if such a storm should at once convert the air into nitric acid. 

•Wr« JS. There i s no danger of this, my dear. The lightning can affect but 
a very small portion of the atmosphere; and it appears that many thousand 
discharges through the same portion are necessary to the production of the 
acid. The quantity of oxygen in the atmosphere, also, is too small to favour 
its formation, and if there were any produced in this way, it must be much 
too small a quantity to be perceptible(15). 

JEmily, You have formerly told us that what is called aquafortis is 



9. Why do they not combine in their state of mixture? 

10. Which of these combinations is found ready formed in nature? 

11. What observations are made on the production of nitrous acid? 

12. What is remarked respecting the classing of nitrogen? 
15. In what way may nitric acid be directly formed? 

14. To whom are we indebted for this discovery? 

15. Why is not niti'ic acid produced by lightning? 

T 
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nitric acid. As this is extensirelj used in tbe arts, tliere tfrast lie some vesy 
reiidj means of obtaining; it from its natural con^inationsy whatever ihtef 
may be. 

Mrs B. The salt which is known to yon under the name of nUre or tdU' 
petre, is, in chemical language, the nitrttte of potatsa^ and consists of nitric 
acid united to potassa. It is from this salt that the acid is obtained. Sol* 
phuri& acid has so strong an affinity to potassa, that it will readily combine 
with it, and exclude the nitric acid. I will now exhibit the process by 
which nitric acid is procured; as sereral of the acids and some other com- 
pounds ai*e obtained in a similar way(16). 

You see that I uf e a retort and receiver, resembling those formerly shown 
to you. Into the retort I put a few ounces of nitre, and pour upon it about 
an equal weight of sulphuric acid; when I adapt a receiver to the retort, and 
apply heat to the materials contained in it As the nitric is disengaged by the 
sulphuric acid, the heat will convert if into vapour, which will distil over; 
and as the receiver is kept cold, it will then be condensed into the liquid 
form(17). 

Preparation of Mtric Add, 




A B 

[A, lamp placed under the retort, which contains nitrate of potassa (nitre) 
and sulphuric acid. B, stand supporting the receiver, in which the nitrie 
acid is to be collected.] 

. I place the appai*attts under the chimney, because a considerable portion 
of corrosive, uncondensable vapour will be disengaged in the process. 

Caroline. Are we to consider aquafortis and nitric acid as identical, 
or is there any difference between them? 

Mrs, B, Aquafortis 19 a weak, and, generally, an impure nitric acid; its 
strength being only one-fourth as great as that of the perfect acid. It re- 
ceived from the alchemists the name of aquafortis (strong water], in eonsie* 
quence of i^s effectually dissolving the greater number of the metals, as well 
as various other substances. Aquafortis is better adapted to many pur- 
poses in the arts than the pure acid, and it forms, therefore, a special article 
of manufiieture(18). 

Emily, You have already taught us something of the solvent power of 
nitric acid, and I believe you informed us that it is principally indebted 
for this power to the facility with which it parts with its oxygen. 

16. From what substance, and by what means is nitric acid obtained? 

17. Describe the apparatus and the process employed. 
IS. What is said respecting nitric acid and aquafortis? 
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Jl£r$ B. I did. TliKaeid eont&lns » lai^er qHantltj Qf oxygen thaD any 
6ther, and retains it hj an altraotion so feeble that it is decomposed b^ 
almost ererj substance haviBgan afllnitjfor it(19). Some which attract it 
fltronglj, vill combine 'vith ^ whole contained in the acid, and liberate its 
nitrogen in the gaseous form. Others, which act with less energy, take away 
A portion only of the oxygen, leaving the remainder in combiDation with the 
nitrogen, and thus producing one of the less oxygenated compounds(20). 

Caroline^ If nitric acid parts so readily with its oxygen, may it not ac- 
toally produce combustion in those substances which are the most inflamma- 
We? 

Mr9 B. In most eases the decomposition is not sufficiently rapid to pro- 
duce actual inflammation, although it does so in a few instances. If we take 
some perfectly dry fresh burnt charcoal, pulverize it, put it into a glass, and 
then pour upon it some of the strongest nitric acid, a vivid inflammation will 
ensue, and a suffocating vapour will esciape, consisting of carbonic acid and 
the decomposed nitric aeid(Sl). All the essential oils likewise maybe in- 
flamed by it. This effect I will exhibit to you, using the oil of turpentine. For 
this purpose I put some of it into a warm saucer; and, from a glass at the end 
of a long rod, pour on it strong.nitric acid, the oxygen of *vhich will unite to 
the oil with such rapidity as to inflame it. It is necessary to stand at a 
distance to avoid danger from the flame. The essential oils consist princi- 
pally fsi hydrogen and carbon, and the oxygen of the acid unites with each 
of them in this combnstion(22]. 

Spirits of Turpentine inflamed by Mtrie Jidd, 




JEmily. Have we any means of decomposing ^e nitrie acid so as to eon- 
vert it entirely into nitrogen and oxygen gases? 

Mrt B. The very same means by which most combustibles are made to 
unite with oxygen and are conrerted into acids, will serve completely to de- 
compose the nitrie acid: I allude to a great elevation of temperature. If a 
portion of its vapour be passed through a red-hot tube of earthenware, it 
will be entirely converted mto oxygen and nitrogen gases, which will be found 
mixed in the proportions before mentioned(28). Such is the quantity of oxy- 
gen thus produced, that a taper which has been just blown out, will be 
relighted if plunged into the mixed gases. 

Even the light of the sun alone will produce a partial decomposition of 
nitric acid. That which I have in this bottle was as limpid and colourless as 



19. Upon what does the solvent power of nitrie acid appear to depend? 

90. How do different substances operate upon this acid? 

SI. What eiPeet will nitrie acid produce upon fresh burnt charcoal? 

89. How may spirits of turpentine be inflamed by it? 

S3, In what way may nitrie acid be completely decomposed? 
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water, when I first brought it from a dark closet* into this room. It has 
already, you perceive, assumed a pale straw colour, and by continued ex- 
posure to light it will acquire a still darker hue(24). 

Emily. But it has been kept closely stopped, so that nothing could 
escape from it into the air, nor could the air have access to it; and under 
these circumstances, it is difficult to see how a decomposition could be 
effected. 

Mrs B. Had the glass been hermetically sealed, the same effect would 
have ensued. And it is evident that it is produced by light alone, as it does 
not take place in the dark, whatever change of temperature may occur. Thiis 
fact seems to prove that light as well as heat is a constituent of oxygen gas, 
the gas being disengaged from the acid, and found occupying the upper part 
of the bottle(25). 

If colourless nitric acid be put into a retort, the beak of which is placed 
under a receiver in the pneumatic cistern, the action of light will cause 
bubbles of oxygen gradually to escape, and to pass into the receiver, whilst 
the acid will become coloured. The source of this colour will be hereafter 
explained to you(26). 

CaroUne. As nitric acid, under the name of aquafortis, is so extensively 
used in the arts, it would be interestinglo learn the purposes to which it is 
principally applied. 

Mrs B, Its uses are numerous, but I can only give you a general idea 
of them. It is largely employed in refining, and many other operations on 
the metals. Most of the be&utiful landscapes and other subjects printed 
from copper plates, are etched upon the copper by its means. In the 
iiands of the dyer, it serves to fix and to heighten a variety of colours. In 
chemical processes, its uses are very numerous; and to the physician It is a 
valuable auxiliary in the cure of many diseases(27). We must now dismiss 
this part of our subject, and proceed to some of the substances produced by 
the decomposition of nitric acid. But as I have more |o say respecting them 
than can well be included in one conversation, we will adjourn until to- 
morrow. 



34. What effect is produced upon this acid by lights 

35. What proves that this change is produced by light alone? 

36. How may the oxygen which light disengages be collected? 
37; What are the principal uses to which nitric acid is applied? 
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Sytlhelital and Anidytical Kranaaatiim a/ Btdie: AVrtUe of Copper. 
JVtirfe Oxide, BeutBcdde tf JVUrogen, or J^trmu Mr. JVltri'i* Jciil. 
MuiUomelrical Praptrty af ATfmtM Mr. Cambaition in it. Abtorbed bg 
Jieitric Acid. AquafirtU. BypotdlTmit Add. JVllrotu Oxide. Farma- 
Han amd decotnpotilian of Jfitrale ef Ammama. Caafaufion in JVifi-«tu 
Oxide. Itt effect! when inhaled. Table af the Campaundt of Oxygen and 
JfitTBgen. JVitnUe ef Patatia, JWire, or Sallpelre. Mtrate 0/ iimc 
J^itre Caieei. IncBitAuatilnUig of JVIlre. Oxygen Gat obtained from it. 
Jiejlagration. Ounpawdtr, Jietonatian. Futminaling Poioifcr. (Tie) of 
JVilre. PraperUet af the Allroiw. Ceiabvttian of Tin F<dl by JVltrale 
af Capper. 

Emi^. A* Ihere are fire differCDt naiiibmiUou at o%ygea Uxi nitn^en, 
tnd jaa have eommenoed with the matt poverfiil of the leriei, AVMc acid, 
I luppoae that, proceeding by a deueadini- icale, «• are Dext to learn hov 
to deprive Ihii (omponnd of one proportional of iU oijgaii, and thui to 
reiluoe it to tlie itate of latroiu add, 

JUri B. There are two model of eitaminiog chetnieal aubstanoeat the 
(jnllietieal and the analjtieal. Wlien we proceed by the former method, 
ve take the limplea of which a body, under ooniideration, coniiitii oom> 
bine theie timplei together, and obtain their prodact. Bj the anBlytieal 
mode, we take a conDpODod ai it ia presented to ua; inquire into ita proper- 
ties, and then proceed to analyze it, that we ouy leani what are it* eon- 
ititneDtt(L]. W« have hitherto poraned the former oonne, bnt in tliepre- 
■ent inatance we ihall adopt the latter. ProBeading; regularly, the proper* 
ttea of nitraua octii would wune next in order for qur eiamination, but it 
will aooord beat with the ooorse of our eiperimenta to paaa thia by, until we 
hare attended to the gaa ealled Nitbic Oiidi, whiafa we ean readily obtain 
by depriving the aoiil of (Ares praportiDnali of ita oxygen. 

EmUy. We aball be perieatly latiaSed to follow, in whatever conne you 
nay chooae to lead na, aa we arc (ure that it will be diat vhioh i> beat BUed 
tor oar initmetion. 

JUri B. In oar Erat oonveraation, Ihtcuring JVltric Oxide. 

I exhibited to yon the experiment of 
diiaolring eopper in lulphorie acid, to 
which a little nitric acid had been added. 
By Ihii meana we produced a sulphate of 
capper (bine vitriol,) (page 19. ) The Hie 
of the nitrie acid in thia eaae wat to afford 
oxygen to the copper, vhiob, when con- 
rerted into an oxide, wax diaaolved by 
the lulpbnrie aaid(3). I am now about < 

alone; we ahall by thii toeaai obtain ni- 
trate ef copper. Thi* glaai flaik, or g:» 



1, What ar« tba two mode* of exaniiling ebemieal •obatanae*.* 
8. What i* aaid ra veotJD[ the pradaetion of mlphate af fofiperf 
T S 



222 CONVERSATIONS ON CHEMISTRY. 

bottle, as it is called, I use instead of a retort. I have put into it some shredaof 
copper, and upon these I pour nitric acid a little diluted with water. This will 
immediately begin to act upon the copper with g^eat power, and a qoantitjr 
of gas will escape, which we will collect in a receiver in the usual way. A 
solation of nitrate of copper will remain in the bottle(3). 

Caroline. This is the same mixture you made in our first conversatiop 
on the metals, (p. 185,) and I recollect that a yery deep oraage-coloured 
yapour escaped from it; but, in the present instance, the gas collected in the 
receiyer is perfectly eoIonrless(4). 

Mi^s J3, You will soon learn the cause of this difference in colour. The 
gas which we have now collected is the deutoxide of mtrogen^ or nUric 
oxide. Dr Priestley, jts discoverer, called' it nitroui air, a name still fami- 
liarly used(5). Water absorbs nitric oxide so sparingly, that it may be 
kept in contact with tliat fluid for any length of time. By recurring to your 
table, you will find that it contains two atoms of oxygen to one of nitrogen, 
and indeed its appellation of deutoxide indicates this fact(6). It has so 
strong an attraction for oxygen as to combine with it by mere mixture. If^ 
therefore, we suffer it to come in contact with the atmosphere, it immedi- 
ately loses its character as an oxide; for it instantaneously deprives the air of- 
so much oxygen as to double its own portion, and thus assumes the form of 
NiTBovs Acu>. This acid, in its pure state, is also a gas, but one which 
is readily absorbed by water(7). 

Caroline, Then I suppose that the orange red fumes which escaped in 
the former experiment were those of nitrous acid, and that the colour vaa 
produced by the union of the oxygen of the atmosphere with the deutoxide 
of nitrogen. 

JUrff JS. Your conjecture is perfectly correct. I will now incline the 
receiver on one side sufficiently to allow a bubble of the gas to escape into 
the atmosphere, and you will see that it instantaneously assumes a deep 
orange colour(8). 

Endly, How curious! and yet the gas within the glass is perfectly in- 
visible. This, however, would become coloured were you to admit a few 
bubbles of oxygen or atmospheric air, would it not? 

Mrs B. Certainly; and to exhibit this effect, I will now mix' with it 
a small portion of oxygen. 

Emily. The whole Tolume of the gas has become coloured, and the 
water is rising rapidly in the receiver. This must be owing to the forma- 
tion of nitrous acid, and its absorption by the water(9]. 
• CaroUne* Could you not add to this nitric oxide such a portion of oxy- 
gen as should convert the whole of it into nitrous acid? In this ease I 
should expect to see the absorption complete, and the glass filled with 
water. 

Mrs B, Were the two gases perfectly pure, and mixed in the exact 
proportions which form nitrous acid, the result would be such as you haw 
supposed. 

This effect is a veiy curious one; for, suppose the receiver to contain 
two pints of nitric oxide gas; if to this be added one pint of oxygen 



3. Describe the mode of forming a solution of the nitrate of copper, 

4. What remark is made respecting this and a former experiment? 

5. What gas is collected, and who was the discoverer of it? 

6. Is nitric oxide absorbed by water, and what is its composition? 
^ 7. Describe the mode of converting it into nitrous acid. 

8. What particular appearance accompanies the formation of this acid? 

9. What effects ave produeed wheu oxygen is admitted into a receiYer 
filled with this gas? 
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gas, instead of the quantity of air being increased by this addition, both the 
gases vflU disappear entirely(tO). 

Nitric oxide has been used in eutUometryy in tonseqaence of its property 
of combining with oxygen; but the eudiometrical processes, -which I for* 
merly described to you, (p. 149,) hare been found to be more accurate and 
convenient. The mode of employing the nitrous air will be suggested to 
you by the last experiment(il). 

Caroline, From the quantity of oxygen contained in the deutoxide of 
nitrogen, I should apprehend that it would support combustion much bet- 
ter than atmospheric air. 

JllSrs B. Recollect that the oxygen is not free, but combined with nitro- 
gen; and that nitrous air, instead of having a disposition to part with its 
oxygen, has a tendency to acquire more. Gases do not support combustion 
merely because they contain oxygen, but because they are ready to part with 
it. A burning candle, and indeed most other burning bodies are extinguished 
when immersed in the deutoxide. Some, however, which have a very strong 
attraction for oxygen, will decompose it Phosiihorus, for example, will 
bum in it very brilliantly, the products of the combustion being phosphoric 
acid an^ nitrogen(12). 

The deutoxide of nitrogen is said to be irrespirable, and there is but little 
doubt of the fact; but this we have no means of ascertaining, as by mixing 
with the air contained in the mouth and lungs it becomes nitrous acid, which 
is e'xtremely corrosive, and must quickly produce death from this cause, 
even if it did not from 8nffbcation(13). 

Emily, When nitric acid was decomposed by the action of light, the 
colour produced in it must have arisen from the formation of some nitrous 
acid by the abstraction of oxygen from the nitric acid. mt 

Mrs JB, Your conclusion is a very natural one, but not perfectly cor* 
rect. When nitric acid is partially decomposed, it usually yields up so 
much of its oxygen as to pass into the state of nitric oxide, and this appears 
to be the case when light is the decomposing agent. The colour in the 
acid results, therefore, from the admixture of nitric oxide(l4). 

CaroUne. But certainly there must be some nitrous acid formed, as is 
plainly indicated by the colour; nitrous air, being itself without colour, 
could not change that of the nitric acid. 

Emily, Perhaps that is asserting a little too much, as we have seen 
colour produced by the mixture of two colourless articles, and may not that 
be the case in the present instance(i5)? 

J^r9 B. It evidently is the case; for nitric acid will absorb a large 
quantity of nitrous air, and it changes its colour progressively as the absorp* 
tion goes on. When the quantity of the gas is small, its hue is that of a 
pale yellow, and as the quantity increases it will become of a bright yellow, 
then a deep orange, and at last will appear green. Heat will expel the gas 
vnchanged; and merely diluting the acid with water will produce the same 
eireet(16). 

What is found in commerce under the name of aquafortis, or nitrous 
aoid, is usually coloured, and consists of nitric acid holding variable quan- 
tities of nitrous air in solution(l7]. 



10. How, and why, may both these gases be made to disappear? 

11. For what purpose has nitrous air been sometimes employed? 

13. How does this gks operate in supporting combustion? 
IS. What is said respecting its respirability? 

14. How does light aft*ect colourless nitric acid? 

15. What is remarked respeeting thia production of eolour? 

16. How may it be proved that nitrout air produces the colour? 

17. Aquafortis is generally coloured, firom wliat does this proceed? 
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CaroUne. How neeesMry it it to lean &ets before vre form opInioBf* 
Bat, Mrs B., according^ to oar taUe, there is an acid intermediate betreei^ 
nitrous acid and nitric oxide, aboat which we have not yet learnt anjr 
thing^. 

Jffra B. Nor is there much for yon to learn, as bat little is known re* 
specting the htfovitaovs, or subnitbous, acid, as it is sometimes called. 
The existence of sach a compound has been sufficiently proTed, bat it has 
not been obtained in an uneombined state, nor are there any facts re&peet* 
ing it which I think it necessary to detai)(18). 

'Emily, Then the pbotoxidb or iriTmoesir, or iriTBoira ozinx, will, I 
belieye, complete oar oatalogae of these eompoonds. The nUnmt ^^de 
is the same with the exhilarating gaa^ which, when inhaled, produsces sack 
extraordinary effects, is it not? 

J^rt B, It is. This gas was diseorered by Priesttey, but we are indebted 
to Davy for a fall examination of its properties, and for the process by 
which it is obtained in a pure state(19). It was formerly procured by ex^ 
posing nitric oxide to the filings of zinc moistened with water; or to some 
other substance which would deprive it of one-half of its oxygen. Zine or 
iron, when dissolved in nitric acid, seizes upon so large a portion of its oxy* 
gen as to reduce it to the state of nitrous oxide. When procured, how- 
erer, by either of these processes, it is always mixed with a portion of the 
deuioxidCt which renders it irrespirable(20). But it can be obtained purtt 
by decomposing a salt called the vitbatx or xhxoitia, the name of which 
will, at once, suggest to you its composition, although it has never been 
explained to you. 

Efidly, How greatly we are indebted to this system of names, which it 
syned at first so difficult to learn ! ^trate ofamsnwua must be a salt com^ 
pAed of nitric acid and ammonia, or the volatile alkali. As ammonia coa- 
lists of, hydrogen and nitrogen, and nitric acid of oxygen and nitrogen, the 
ultimate components of the salt must be oxygen, nitrogen, and hydro* 
gen(2l). 

Mrs B. The crystallized salt in this phial is nitrate of ammonia. It may 
be produced by causing gaseous ammonia to pass into nitric acid. But 
the usual way of preparing it is to dilute nitric acid with three or four parta 
of water, and to drop into this mixture lumps of carbonate of ammonia 
(volatile smelling salts). An effervescence will immediately ensue, arising 
from the escape of carbonic acid, which is set free in consequence of the com« 
bination of the ammonia with the nitric acid. When this acid is saturated, 
the nitrate of ammonia maybe obtained by evaporating the water with which 
the nitric acid was diluted(S2). In order to decompose this salt a quantity 
of it is put into a retort, to which the heat of a lamp is applied. This will 
first cause it to fuse, and drive off a quantity of watery vapour. The fated 
nit will presently boil up in large distinct bubbles, and the whole of it will 
gradually be converted into nitrous oxide and watery vapour. The gas may 
be collected over water in the usual way(2d). 

Caroline, I thought that the watery vapour was to be driven off* before 
the gas was producedi bat you now speak of it as accompanying it throagh 
the whole process. 

JUro B. And so it does. For although you drive off the water origi* 
mdly contained in the salt, fresh portions of it are formed daring the whole 



18. What is said respeeting hypomtrouo add? 

19. By whom was niirouo oxide discovered? 

80. By what process was it at first obtained? 

81. What is the aompositioa of the salt which affords it in a p«re state? 
88. In what way may nitrate of ammonia be formed? 

83. How is this saltdecompMed to produce the nitrous oxide gas? 
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period of the decomposition. And a little reflection will, I am sure, enable 
you to discover its source(24). ' 

Caroline. I think I perceive it noiv. The hydrogen of the ammonia 
must combine with a portion of the oxygen of the nitric acid, and thus pro- 
duce water from its eleraents(25). 

JiSra B. I was certain that you would discover this fact; and you must 
likeiyise perceive that this union of the hydrogen of the ammonia with a part 
of the oxygen of the acid, must product the decomposition of both the consti- 
tuents of the nitrate of ammonia. The atomic theory will aid you in tracing 
out these decompositions, as it will every other to which you are capable of 
applying it The nitrate of ammonia consists of one atom of ammonia 
united to one atom of nitric acid. Ammonia is formed by the union of one 
atom of nitrogen and three atoms of hydrogen; and nitric acid of one atom 
of nitrogen and five of oxygen. What are the atoms, therefore, which enter 
into the composition of the nitrate of ammonia? 

JBmily. That is very easily calculated. There are three atoms of hydro- 
gen, which are all supplied by the ammonia; two atoms of nitrogen, one from 
the ammonia, and the other from the acid; and five atoms of oxygen derived 
from the aeid(2fi). 

Mr8 B. Certainly; and what will be the consequence should the three 
atoms of hydrogen combine with three of oxygen, and, by this combination* 
fonn three atoms of water? 

Emily. It is ver}' plain that two atoms of oxygen an^ two of. nitrogen 
will be left. 

Caroline. And it is equally plain that these are the elements of the pro- 
toxide of nitrogen, or nitrous oxide, which consists of oxygen and nitrogen, 
united atom to atom. And, as in the decomposition of the salt, they are 
presented to each other in their nascent state, they of course combine and 
produce the gas in question. How curious, how admirable, and how satisfac- 
tory, are these investigations! How well they repay the trouble of a 
thorough examination(27) ! 

Jtfra B. Nitrous oxide differs very materially from nitrous air. It is 
very readily absorbed by water, T^hich takes up its own bulk of this gas. A 
taper will burn in it more brilliantly than in atmospheric air, and iron wire 
undergoes combustion in it very brilliantly. Sulphur is extinguished by it, if 
it is introduce^ whilst burning with a feeble blue flame; but if well ignited 
with a white flame, its combustion will be rendered more vivid(28). If 
oxygen be mixed with it, no new combination takes place, as is the case with 
nitric oxide. 

This gas is not only respirable, but is a very powerfiil stimulant, pro- 
ducing extraordinary effects upon the system. 

Emily. I have never witnessed the breathing of it, nor have I any idea 
how this is managed. For myself, I confess that I should be unwilling to 
inhal^ it, if the accounts which I have heard of its effects have been correctly 
given. « 

Jllra B. In ofder to its being breathed, it is first passed into an oiled silk 
hag, or into a bladder, in the way you have witnessed (p. 133). A tube 
attached to the bag is held in the mouth, and through this the gas is breathed 
fvom and into it I have frequently witnessed its effects. Sometimes it pro^ 
duces the most extatic pleasure; which is evinced by leaping, dancing, shoat- 



24. What besides this gas is produced in its decomposition? 

25. How is the fact of this production of water explained? 

26. What 18 the atomic composition of nitrate of ammonia? 

27. By what new combination of these are water and nitrous oxide pro-- 
dneed ? 

28. In what way does this gas operate upon burning bodies? 
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ing, and the performance of antic gestures of almost every kind. Those 
under its influence frequently manifest uncommon strength, and if resisted 
ight vith great fury. In some persona it totally destroys the muscular 
powers, and even induces fainting. In fact, its effects are extremely discor- 
dant, and though curious, are upon the whole, rather painful to witne8s(29)* 

Caroline. Its influence very soon passes off, does it not? 

Jifrs B Yes, generally in the course of two or three minutes, hut many 
experience a degree of elasticity and cheerfulness for hours after its ^rect 
effect has ceased. I have never known, or heard,of any permanently bad effect 
from it, but as there is no advantage to result, I think it best not to txy 
it(30). 

Caroline, I, ibr one, have no inclination to get scientifically tipsy, as I 
well know, that when in my sober senses, my sayings and doings partake 
sufficiently of the extravagant; and I should expect, under Uie influence of 
your leaping, dancing and shouting gas, to exhibit the very perfection of the 
ridiculous. 

J^r8 B, At the commencement of our last conversation I gave you a 
table of the combining atoms in the five compounds which we have since 
considered, and will now present the same to you, wiUi some additions, in 
order that you may investigate it at your leisure. In the former table you 
had the number of combining atoms only; the additions in the present consist 
of the atomic weights of the oxygen and nitrogen, and of the numbers which 
represent the weight of an atom of each of the compounds. 

Compounds, 

1. Nitrous oxide 
S. Nitric oxide 
5. Hyponitrous acid 
4> Nitrous acid 
5. Nitric acid 

Caroline, I plainly perceive the UAe of this table. It shows that as an 
atom of nitrogen is represented by the number fourteen, and an atom of 
oxygen by the number eight, if one of each of these combine, an atom of 
the compound must weigh twenty-two; whilst if the atom of nitrogen com- 
bines with two atoms of oxygen, the weight of the compound atom will be 
thirty; as to the twenty-two must be added the eight which represents the 
additional atom of oxygen: and so of the other compounds(31]. 

J^rt B* I am gratified at your ready comprehension of the use of this 
table. It is the practice now to employ numbers upon this principle, in 
order to represent all the compounds, the constitution of which are known. 
The numbers usually employed relate to hydrogen, the atomic weight of 
which being considered as unity. Thus, as you will recollect, an atom of 
nitrogen is fourteen times as heavy as one of hydrogen; an atom of oxygen 
^ight times as heavy; and therefore an atom of nitric acid. wAch consists 
of one of nitrogen and five of oxygen, must be fifty-four'imes as heavy. 
Such numbers are called equtvalentt^ and tables of them accompany all tha 
modem ti'eatises on chemistry(d2). 

. Emily. Such tables must be not only very useful, but I should suppose 
absolutely necessary, as it would be scarcely possible to treasure in die 
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29. What is said of the respiration of nitrous oxide? 
80. Is its effect upon the system of long continuance ? 

31. What does the above table show respecting these compounds? 

32. What further is said on the subject of atomic weights? 
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memory iJl Ih© numbers which represent the atomic weights, even of the 
simple sabstances alone. 

jifrs J3, We have already noticed some of the salts prodaeed by the 
fmioa of nitric acid Ivtth diSerent bases, but there is one of them which is 
of such special importance, both in chemistry and the arts, as to demand ft 
more particular examination than either of the others. I allnde- to the 
nitrate ofpottusa, 

NiTRATS OF POTASS^, Called also KiTRV or SALT-PBTRE, was known to the 
Romans. But the earliest account which we have of it is derived from the 
annals of the Chinese, who appear to have been acquainted with it from 
remote antiquity. This is the less remarkable, as it is a natural prodaot, and 
is found in many 8ituations(33). In Italy, Spain, India, China, Persia, and 
some other countries, it is contained in the soil in such larg^e quantities, that 
the greater part of what is used in Europe and in this ooontry is supplied 
from those sources. 

CnroUne. And has it not been found in the United States also? I cer- 
tainly think that I have read some accounts of nitre eaves in Virginia^ Ken- 
tucky, and elsewhere. 

J[fr9 S. Tou are correct on this point. There are many nitre cavesi^ 
as they are called, from the contents of which much nitre has been manu* 
Ikctured; and when the country in their viciuity becomes more populous^ 
these caves may be of great valne(34). They contain a portion of nitrate of 
l^otassa, but the predominant substance is tutrcUe ofUme^ which, to be convert^ 
ed into nitre, must be decomposed by means of carbonate of potassa. By a 
recurrence to what you have learnt respecting double elective attraction, 
(p. 208;) you will readily understand this process. The nitrate of lime, 
and the carbonate of potash, are both soluble in water, and they can, there* 
fore, be mixed intimately together(35). 

Emily, And there can be no difficulty in tracing their action upon each 
other. The nitric acid will displace the carbonic acid from the potash, 
and, uniting with it, will form nitrate of potash; whilst the carbonic acid 
will combine with the lime, and convert it into a carbonate. But how can 
these two new compounds be separated? 

JIfra B. They separate themselves. The nitrate ef potassa remains 
in solution, whilst the carbonate of lime, being insoluble, is precipitated* 
The nitre is afterwards obtained in crystals by evaporating the water(36). 

The sweepings from the streets of cities, mixed with the mortar and other 
rubbish from old buildings; the cleanings of cellars, and the earth from the 
places whei*e cattle are numerous, if placed in heaps, and exposed for some 
veeks to the action of the atmosphere, will, by this meafes, be made to 
afford nitrate of Ume and of potassa. Nearly the whole of ^e nitre used 
in France during the wars of her revolution Was obtained from such 
sources(d7). 

CaroUne. Nitre, I know, is a very eombustible substance, as I have 
often thrown pieces of it into the fire to see *the brilliancy with which it 
would bum. This, however, I do not understand, as it is composed of niirie 
acid and potash, neither of which is combustible i^ne(d8). 

M*9 B* Nor are they so when in eombination; when yon have thrown 
nitre into the fire, yon have allowed your senses to deceive yon. The nitre 



83, What is observed respecting the natural production of tdtrt? 

&^H From what places has it been principally obtained ? 

d5. What is observed of the nitre caves of the United States? 

^6. How is tdtrate of Ume converted into nitrate of potassa? 

67. How may nitre be artificially produced? 

8S. What does Caroline observe respeeting the eombiiitio& of nitre? 
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mereljr imparted oxygen to the coals, and caused them to hnm brilliaiitl7» 
Had you tlirown your nitre upon a brick or stone, heated to redness, thertt 
vonld not have been any appearance of coinbu8tion(d9). 

Caroline. I plainly perceive my error, now you have pointed to i£9 
source. There was no fact, howerer, vhich I considered as more completely 
established than that of the combustibility of nitre. 

J^frs J9. Your mistake was a very natural, and a yerj common one; sa 
the appearance to which you alluded seems fully^ to justify the inference 
drawn from it 

Nitre, when brought to a low red heat, is decomposed, aflbrding, m the first 
instance, a large quantity of oxygen gas, sufficiently pure for all the ordinary 
experiments of the laboratory, or of the lecture room. To obtain the gat 
from this salt, a portion of it is put into a retort of iron or of earthenware, 
to which a long tube is attached, in order to conduct the oxygen into a re- 
ceiver; the retort is placed in a fire, and as soon as it becomes red-hot, the 
extrication of the gas commences. One pound of nitre will yield about 
seven gallons of oxygen. If, however, the process be continued too long, 
or the heat be too great, a portion of nitrogen will accompany the oxygen, 
and at length nitrogen nearly pure will pass over, and the process bo 
defeated(40). 

Umily, I am not surprised that oxygen and ni(rogen are both extricated 
from nitre, as the nitric acid is so readily decomposed by heat; bat why 
they should not be mixed together during the whole process I do not com- 
prehend. 

Mr8 JS. During the first period of the decomposition, oxygen alone is ob- 
tained, because the nitric is merely reduced to the state of nitrous acid, whilst 
this last is retained by the attraction of the potash, forming with it a nitrite of 
potash; but if the decomposition be pushed further, this nitrous acid will also 
be decomposed, and nitric oxide and nitrogen gases will be obtained instead 
of oxygen(41). 

You now understand that the reason why nitre pro- 
motes combustion, is the facility with which it parts Earthen Crucihle9, 
with its oxygen. The metals are sometimes oxidized 
by what is called sXFLAesATioir. That is, by mixing 
them with nitre, and projecting the mixture into a red 
hot crucible. The nitre is thus made to yield its oxygen 
to the meUl(42}. 

Caroline, Crucibles, t beliere, are earthen vessels 
in which metals are melted, and other substances heated 
in the fire. 

J^ra JB* The chemist sometimes uses crucicles of platinum, or of silver. 
But for most purposes they are made of earthen ware(4d}. I have two of 
these latter now in the fire, and heated to redness. In one of them I will 
•how you the dejlagration of charcoal, and \hsXoi sulphur in the other. For 
this purpose I have pulverized portions of each of these substances, and 
mixed them separately with nitre. Into this crucible I throw some of tluB 
mixture of sulphur and nitre. 

Emily, That is really a rapid and beantiful combustion. The sulphor 
boms more splendidly than it did in oxygen gas, in your experiment some 
time ago. It is well that the vapour passes up the chimney, for even ddw it 
gives oat a strong smell of sulphoroas acid. 



89. What appears to be the fact upon this subject? 

40. In what way may oxygen gas be obtained from nitre? 

41. What further remarks |u*e made on the decomposition of this salt? 
48. What is dejlagratioii^ and how is it effected? 

43. What are crucibles? 4 

--.- • J 
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Mrs B, Both solphurouB and sulpharic acids are produced ia this process, 
and a portion of the latter combines with the potash of the nitre, forming a 
sulphate of potash, -which will remain in the crucible; sulphurous acid and 
mtrogen passing off in the gaseous state(44). 

I will now deflagrate the charcoal in the other crucible. 

Caroline* It bums almost like gunpowder, only more slowly. 

Mrs JB, If we had mixed the three together, that is, the chareoali sul- 
phur and nitre, Ihey would have burnt exactly like gunpowder, for such 
they would actually have been(45). And instead of a deflagration, we 
should have had a ssToiTATioif; that is a combustion so rapid as to produce 
an explosion accompanied with a loud report(46). 

Gunpowder is made by combining together, Tdry intimately, six parts of 
nitre, one of charcoal, ahd one of sulphur, and you are aware of the rapi- . 
dity with which this mixture burns, and of the immense force with which it 
explodes(4f). 

Emily* And how is this violent detonation of gunpowder accounted for? 

Mrs B* When we deflagrated the sulphur, sulphurous acid and nitrogen 
gases escaped, and from the defli^ated charcoal carbonic acid was produced, 
which was also accompanied by the nitrogen of the decomposed nitric acid. 
With the exception of the potash, nearly the whole of the solid powder, 
therefore, suddenly assumes the gaseous form. This gaseous matter, from 
its quantity and from its expansion by tlie high degree of heat produced by tho 
eombustion, operates with a force about one thousand times greater than that o^ 
the atmosphere. And it is this expansion which produces the detonation(48 )• 

Caroline, The heat accompanying this and similar explosions occasioned 
by the rapid formation of gaseous matter, you adduced as one of the objec* 
tions against the Lavoisierian theory of combustion, and it certainly is a valid 
one, as according to that theory, the sudden formation of gaseous matter by 
the dilatation of solids ought to produce cold. Yet in this case and many 
others, heat is di8engaged(49). 

Ji^8 B, An explosive mixture called pulvis fulmnana, or fulminating' 
po-ufder, is made by mixing together in a mortar, three parts ofrntrCy tioo 
of pearl OAhee (carbonate of potash), and one of sulphur, A few grains 
of this powder placed in a spoon and held over a lamp until it melts, will 
explode with a very loud report. This explosion, like that of gunpowder, 
is occasioned by the sudden formation of ga8e8(50). 

Nitre is one of the most useful of the saline eompounds.. Its greatest 
consumption is in the manufacture of gunpowder; but it is employed for many 
purposes in the laboratory of the chemist, to whom it affords oxygen, and 
nitric acid, and aids in the formation of sulphuric aoid. The refiner of 
metals uses it in his operations; the physician administers it in small doses to 
allay fever, and by fumigating infected places by the vapour of nitrous acid, 
disengaged from this salt, it is said that the matter of contagion has been 
destroyed. Its application to the salting of meat is familiarly known(5i). 

Emily, I am apprehensive that after nitrate of potash, the other salts of 
\his class will appear comparatively insignificant. 

J^rt B, Some of them, such as the nitrate of silver, and the nitrates of 
some other metals, have been already noticed. The nitrate of llmie is prin« 



44. What is formed by the deflagration of sulphur? 

45. Of what ingredients does gunpowder oonsist? 

46. What is meant by detonatilm? 

47. In what proportions are the ingredients of gunpowder mixed? 
' 48. How is the violent detonation of gunpp»wder(ac4^^^4 fbr^,> 

49. Does the Lavoisierian theory of cqmbi:^^oni-^xpl^ tjbis phenomenon? 

50. How is fulminating powder formed? . ,( 

51. Detail some of the uses to which nitre is applied. 

U 
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eipally Taluftble as affbrdin|f nitre. The nitrate of ammonia you hare seen 
produced, and decomposed for the purpose of making nitrons oxide. Nitrate 
of soda is in many respects similar to nitre; bat in utility it is very inferior to 
it. The nitrates possess one property in common; that is, the facility urith 
vhieh they afford oxygen to most combustibles. They have hence been 
elassed by some chemists among what they have denominated compound 9up» 




beliere, by efaporating the fiquid nitrate which was formed when yon pro^ 
oured the nitric oxide, or nitrous air. 

Mr9 B. It is the same. 1 take some of this crystallized nitrate, dry and in 
r powder, and wrap it up in a piece of tin foil. The two materials will not, 
under these circumstances, act sensibly upon each other. I now take another 
piece of foil, and a quantity of the puWerized nitrate as before. Upon this I 
sprinkle a few drops of water, and quickly wrap it up in the foil, just as I 
did in the former case. 

Emily, It has burnt, and actually emits sparks of fire, whilst that whicb , 
was dry still remains unchanged(5S). 

Jifra JS. The water serves to dissolve a portion of the nitrate of copper, 
and thus to bring it into close contact with the tin. This metal having a 
strong affinity for oxygen, decomposes the nitric acid of the nitrate of 
copper, and combines with its oxygen- with such rapidity as to undergo 
fM>mbustion(S4). 

When we next meet, several different subjects will engage our attention: 
muriatio acid and chlorine, however, will be the principal. 



CONVERSATION XXIII. 

ON CYANOGEN, SELENIUM, BORON, FLUORIC ACID, MURIATIC 

ACID, AND CHLORINE. 

Cyanogen, or Bicarburet of J^roffen, EydrocyaniCj or Prusaic ^citL 
Sydrogen, an acidifying' principle, ffydracidt, JPrussian Blue, Pruasic 
Acid in Vcgetableo. Cyanic Acid, Selenvum, Boracic Acid, Borate of 
Soda, or Borax. Boron. Fluoric Acid. Fluate ofUme, or Derbyahire 
Spar. Silex and Glaaa diaaolved by Fluoric acid. Etching upon Glcua. 
Fluo-ailicic Acid Gna. Fliiorine, the unknoxon Base of Fluonc Acid. 
Muriatic Acid, or Spirit of Sea Salt. Firat procured in ita Gaaeoua Form by 
Prieatley, Obtained from Muriate of Soda, Deacripdon of Woulfe^a 
Apparatua. Oxy-muriatic Acid, or Chlorine. Combuation of Metala^ and 
of Pho'aphoma in thia Gna, Ita Bleaching Propertiea. Theory of ita pro- 
duction, Tvfo Theoriea reapecting ita J^ature. Proofa that it doea not 
contain Oxygen. Effect of Light upon a Mixture of Gaaeoua Chlorine and 
Hydrogen, Common mode of obtaining Chlorine, 

Mra B, In our last conversation, we have seen nitrogen, when in eom* 
bi nation with oxygen, exhibiting very active properties. You had previously 
witnessed a similar fact, when examining the volatile alkali, in which nitro* 



53. What is(» b^ y» fe d i<esp«f6ting the nitrates generally? 

58. Des^ib^^h^^xpdl'imebt with nitrate of copper and tin foil } 

5*4. What appears to be the agency of the water in this case? 
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gen anited with hydrogen beeame a ehemieal agent of great power. I am 
now about to introduce it to you under a new eharacter, resulting from its 
alliance to carbon, with which it forms a gas, sometimes called the fdear* 
Ifuret of nitrogen, but more generally denominated ctahogxn. The first 
name may serve to indicate its composition, the last, one of its particular 
properties, as it is derived from two Greek words, signifying blue^ and to 
produce; cyanogen producing a blue colour^ by its combination with oxide 
of iron, as is seen in that beautiful pigment Prussian blue(l}. 

Caroline, This paint then is a compound of oxide of iron, nitrogen, and 
carbon. I should never have supposed that it was so complex an article. 

Mrs B, It is more complex than you even yet suppose; as the cyanogen, 
before it combines with the oxide of iron, is itself converted into an acid, 
called HTSBOCTAKic, or fbussic acid. This acid claims your particular 
attention, as hydrogen is its acidifying principle(2]. There are several 
other acids in which hydrogen performs the office once supposed to belong 
exclusively to oxygen. This was intimated when speaking of sulphuretted' 
hydrogen (p. 141). Acids of this kind are called hydracida. The name 
hydrocyanic^ applied to prussic acid, serves to point it out as a compound 
of hydrogen and cyanogen(3). 

Emily. The name prussic acid is evidently derived from (hat of the 
colour which contains it. And although not so systematic as hydrocyaniCf 
it seems to be more convenient, as showing its origin. 

Afrs JB, Qoth names are used, and I shall employ them indiscriminately, 
that they may become equally familiar to you(4). 

To obtain cyanogen, u.pru8siate o/'merctir^is formed i>y boiling Prussian 
blue {hydrocyanate of iron) with red oxide of. mercury; the prussia^e of 
mercury thus formed is decomposed by heat, and affords cyanogen. It is a 
colourless gas of a very pungent odour, and, like hydrogen, extinguishes 
burning bodies, whilst it is itself inflammable(5]. When combined with 
hydrogen, under the form of prussic acid, it furnishes one of the most active 
and virulent poisons with which we are acquainted. A single drop of it 
placed on the tongue of a large dog caused his death in the course of a 
few seconds. The vapour which rises from it, and mixes with the atmos- 
phere during its preparation, produces headach, giddiness, and fainting(6). 

Caroline. I shall take good care to avoid the contact of so dangerous a 
compound; and shall almost fear to paint again wit^ Prussian blue. 

J^rs B. Your fear will be groundless, and your caution unavailing. In 
Prussian l>lue the acid is disarmed of its terrors by its combination with 
iron. But it exists in a free state in the liqueur called n«yeau, the peculiar 
odour and flavour of which are produced by it. Bitter almonds, and the 
kernels of peaches, cherries, and other fruits contain it. You are not likely 
therefore always to avoid contact with it, or if you do, you must not only be 
very cautious but very self-denying. The extremely poisonous water distilled 
from the cherry laurel (prunus lauro-cerasusj derives its qualities from 
the large quantity of this acid which it contains. Prussic acid has been in- 
troduced into medicine; and you are aware that such is the case with other 
active poisons, and that they hold a place among the most valuable of our 
remedies(7). »- 

Emily, Are there many important salts formed by the hydrocyanic acid? 



1. Of what is cyanogen composed, and what doe* it form with oxide of 
iron? 

S. What is prttssie acid, and how is h formed? 

S. What is remarked respecting some analogous acids? 

4. What is observed respecting the two names of prussic acid? 

5. From what is cyanogen obtained, and in what form does it exist? 

6. What is said o( hydrocyanic, or prussic acid, as a poison? 
7t Of what ve^^tahles does it form a component part? 
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Mr9 B. The fsrrocyatwte or pruniate of iron is the principal. Com- 
bined with potash, it forms pruMote of potathj which is used as a test of the 
presence of iron, to the solutions of which it imparts a fine blue colour. 
Cyanogen forms an acid, not only by its combination with hydrogen, but also 
by combining with oxygen. This latter is called cyanic acid^ But iU pro- 
perties, or those of its combinations, do not require our notiee(8). I diail 
therefore dismiss cyanogen, and direct your attention for a few minutes to a 
substance called telemum. 

Emily, This, I belfere, is as new to us as cyanogen. I do not recollect 
that we have ever heard you name it until now. 

M[ra B, Sslxhiux is a peculiar substance, apparently simple, which has 
been discovered, in company with sulphur, in some sulphurets of iron, and 
in a few other combinations. The quantity of it which has been obtained 
is very small. Its appearance is somewhat metallic, and from this cause it was 
at 'first classed with the metals; but it is now considered as more nearly allied 
to sulphur(9). It is combustible, although it burns with difficulty. Its 
▼apour has a very peculiar odour, resembling that of decayed horse-radish 
It combines with oxygen in three proportions, forming oxide of telemttm^ 
and 9eleniou9 and aelenic acida{lO), We- know but little more respecting it, 
and shall therefore pass on to other matters. 

CaroUne. 1 am at a loss to perceive what useful purpose can be an* 
swered in the economy of nature by substances so sparingly difiiised as 
selenium, yttria, and some others. 

Mrs B. This is a point upon which your curiosity is likely to remain 
unsatisfied, as those who are wiser than we can pretend to be, are obliged, 
on this subject, to rest satisfied with the assurance, that the Being who 
created these materials, acted, in their creation, under the guidance of that 
wisdom which is distinctly manifested in all his wdrks, so far as human 
power can invesdgate them. 

Emily* The phial from which yon have just poured these shining eiys- 
talline scales is labelled boracic jlcid ; this differs essentially from most 
of the acids that we have lately seen. 

Caroline, After such articles as sulphuric, niti'io, and especially prus- 
sio acid, to which we have been lately introduced, I am glad to meet with 
one that we need not fear to touch, and which appears to be perfectly 
innocent. 

J^ro B. Bo&ACic ACID is obtained from a salt usually called borax, 
the borate of ooda of the cheraists(ll]. The borate of soda is used in 
soldering, in refining metals, and in some other processes in the arts. 
This native alkaline salt is found in large quantities in the East Indies, 
where there are several lakes in the bottoms of which it is constantly de* 
posited; and it is now procured in considerable quantities in Tuscany. In 
the impure state in which it is imported, it is called tincal; but that which 
you see in this other phial is refined borax(i2). 

Emily, This salt must, of course, be decomposed in order to separate 
the soda from it, and thus to furnish the boracic acid? 

J^rt B. Yes; and the decomposition is very readily effected in eonse- 
quence of the boracic acid being but sparingly soluble in water. The borate 
of soda is first dissolved in this fluid, and to the solution is added sulphorio 
acid, which combines with the soda, forming sulphate of soda (Glauber's 
salt ) The boracic acid, from its insolubility, is precipitated In shining 



8. What is said of its salts, and of cyanic acidf 

9. What information is given respecting oelenium? 

10. What are its properties and combinations? 

11. What is the appearance of boracic acidf and from what is it obtainedL? 
12» Where is borax procured, and to what uses is it applied^ 



ON BORACIC AND FLUORIC ACIDS. 838 

scftles, ftnd these, after pouring off the loliition, are washed with pan 
water, and then dried(td). 

CaroUne. Bat that, I suppose, is onlj a partial deooinpositioii, as this 
fteid, like its relatives, must also be a compound ^ 

Mra B. It had long resisted eyery attempt to decompose it, but at length 
Sir Humphry Davy succeeded in effecting its decomposition, by subjecting 
it to the action of his powerful roltaic battery: by this means he obtained 
firom it its base, which is denominated AOAOir. This is an olive coloured 
substance, which appears to be as insoluble and as inactire as charcoal(t4). 
On heating it in oxygen gas, it bums with considerable briiUancy, and is 
reconverted into boracic acid. One chara^cteristio of diis acid is its tolu« 
bility in alcohol, and its imparting to that liquid the property of burning 
with a beautiful green flames as you will see by that which I inflame in thit 
spoon. 

Endly, The colour is certainly beautiful, and quite peculiar. This 
combustion must offer an easy mode of distinguishing this acid(15). 

Jllr« B, Boracic acid is but sparingly employed in medicine or the arts, 
and its combinations, excepting that in which it is found in nature, offer no- 
thing of importance. I shall therefore proceed to the examination of the 
fluoric acidy and some of its salts. * 

Fluohic acid you will find to be a substance of much greater interest 
than those which we have last examined. The beautiful vases which 
stand as ornaments upon the mantle contain tiiis acid; the substance of which 
they are formed being the ylitats ov Lim. 

CaroUne, I have always heard this kind of stone called Derb^ohire 
gpar^ and recollect well the account of the mines in which it is found, and 
the manner of working it into various ornaments. This spar is not ob- 
tained, I believe, in any other place excepting Derbyshire in England(l6)? 

Jifr8 B. Yes; it is found in almost every country, and sometimes la 
lai^e masses, though most commonly in thin veins, or small pieces. It is, 
Kpwever, only in the place you mention, that it is met with of a texture 
which admits of its being wrought into ornaments. This mineral is often 
called fluor tpar^ a name which it derived from its fusibility, and from its 
consequent use as a Jiux in the reduction of the ores of some metals. The 
acid which is obtained from it is, as I have already informed yon, called the 
fluoric acid(17]. 

Emily. And what are the peculiar properties wluch render this acid an 
object of particular interest? 

Mra B. Have you forgotten my allusion to it, when speaking upon 
the subject oT silex > This acid readily dissolves flint and all the other sili- 
ceous minerals, and therefore cannot be obtained, or kept, in glass vessels; 
the silex and alkali of which glass consists yielding rapidly to its solvent 
power. Lead is but slightly, and silver not at all, affected by it; and there- 
fore, one or other of these metals is used in the procuring of, and in ex- 
perimenting with the acid(i8). ( 

Fluoric acid is obtained by pouring sulphuric acid upon the fluor spar. 
The sulphuric acid combines with the lime of the spar, converting it into a 
sulphate, whilst the fluoric acid, which is a very volatile liquid, distils 
over, and is condensed in a vessel surrounded by ice(19). Whether in the 



13. By what process is the boracic acid separated from borax? 

14. What is the base of this acid called, and what is its appearance? 

15. What particular properties of l>oracic acid are mentioned? 

16. In what mineral is jluoric acid contained? 

17. What is said of the names and the localities of this mincnd? 
IS. What are the distinguishing properties of fluoric acid? 

19. How is it separated ftt>m its combination with lime? 
U 2. 
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laqaid form, or In that of vftpoar, it is, next to praftsie acid, the most eor« 
rosire and deleterious of all this class of bodies. The Tapour which escapes 
from it excites violent fever, and produces long continued and intense 8U& 
fering. A drop of the liquid coming in contact with the skin will form a 
deep seated and obstinate ulcer. A dog, upon whose back six drops of it had 
been allowed to fall, suffered extreme agony, and died in the space of a few 
hours(20). 

Caroline. I shudder at the very idea of such a compound, and have no 
inclination to disturb it in its quiet possession of the lime in the fluor spar. 

JlfpB B. We can, with perfect safety, obtain enough of it to enable n« 
to examine its effects in dissolving, or corroding, glass. Pictures are some* 
times etched upon pieces of glass by means of the liquid acid. A similar 
effect, however, may be produced, though less perfectly, by very simple 
means. I have prepared this small pane of 

glass for etching, by making it warm and then Glass and trous^h for etcJ^ 
rubbing bees-wax upon it, so as to coat it com- inff vdth Fluoric Acid, 
pletely over on both sides. By means of a sharp 
point, I have, on one side, drawn a flower 
through the wax coating, taking care that the 
point should penetrate to the glass. If I now 
expose that side to the vapour of fluoric acid, 
the paK covered with wax will be defended 
from its action, whilst those which the point 
has made bare will be engraved, or rather 
etched, having lines distinctly excavated in the 
glass. 

Endly. And how will you manage to apply the vapour? 

J^ra B. I have a tray made of lead, somewhat smaller than the glass to 
he etched; into this I put a portion of the spar, in powder, and pour on it 
sulphuric acid enough to moisten it This tray I now cover with the glass, 
placing the drawing downwards. The fluoric acid, in vapour, will rise 
from tibe spar, and act upon the glass. To accelerate the operation, the 
tray may be heated, but, of course, not sufficiently to melt the wax. The etch- 
ii^ may require half an hour for its completion. Instead of the leaden 
tray, I have sometimes used a common saucer coated with bees-wax, which 
serves to protect it from the acid(21). 

CaroHne, The compound formed -by the union of the fluoric acid with 
the silex must be a fluate of silica, that is, if it is accounted a saline body. 

Jtfro B' Instead of forming a salt, it still appears to possess the proper- 
ties of an acid; and, what is very remarkable, as it forms this eombination, 
it passes into the gaseous form. The liquid fluoric acid unites with solid 
silex, and this union produces an elastic fluid, which is called Jluo^eilicie 
acid g'a9{22), 

Caroline. No wonder that stones fall from the atmosphere, when flint 
can be converted into thin air! This is certainly one of the most extraoi^ 
dinary of the gases. 

J^ra B. Whilst kept from moisture, this gas is a permanently elastie 
fluid, but water absorbs it with very great rapidity. When this absorption 
takes plaoe, the gas deposits about one-third of the silex which it contained. 
This gives rise to a very curious phenomenon. As the separation takes 
place on the passage of the gas into the water, the silex is deposited upon 
its surface^ where it forms an incrustation resembling a thin pane of glass. 



fiO. Relate what is said respeetii^ its corrosive properties? 
St. Hi>w may glass be etched by means of this acid? 
SS. What combination does fluoric acid form with silica? 



ON MURIATIC ACID. 235 

trhich, unless it is broken, arrests the fhrther absorption of the gas. Anj 
moist sabstanee, if exposed to an atmosphere of this gas, will acquire ab 
incrastation of silex; a sprig of any vegetable, or a small animal, may 
thns be made to assume the appearance of a petrifaction(83). 

Emily, You have not informed us, Mrs B., respecting Uie composition 
of the fluoric acitl itself: has it been decomposed? 

Mrs ^, The name Fluorine has been given to the supposed base of 
this acid. But although the most able chemists have been engaged in tfa^i 
attempt to discover its composition, it has hitherto resisted dieir efforta* 
It is believed by many to be one of the hydracidt^ having a peculiar un- 
known base, acidified by its combination witb hydrogen. In conformity 
vith this opinion, it is sometimes called kydro-Jtuoric acs4l[34}. 

Caroline, May there not be such a thing as a simple acid? If so, the 
endeavours of the chemist to decompose it must, of course, be altogethev 
in vain. 

JIfrs B. The existence of such an acid is, undoubtedly, possible; but 
where we have not been able to arrive at certainty in our conclusions, W6 
must adopt as our guides those high probabilities which are the result of 
our reasoning upon analogous facts; and strong analogy will not permit U0 
to doubt that the fluoric, like all the other known acids, is a compound* 
A few years since, there were three acids classed together as undeconw 
posed bodies; the boracic, the JluoriCf and the muricUic, The first, the 
boracic, has been decomposed, so as to leave no doubt of its nature; the se- 
cond, the fluoric, has not yet yielded to the efforts of the chemist; the third, 
the muriatic, is now admitted into the class of hydractds as a compound of 
chlorine and hydrogen(25). It is to the properties of the latter acid and 
to its base that I shall now direct your attention; and it is my design to 
^«at this subject by the analytical method; first explaining to you tho 
properties of the acid, and afterwards inquiring into its composition. 

Endly. This seems to be a very natural mode of proceeding, as it i* 
that in which the chemist must acquire his knowledge in the first instance^ 
for nature presents but very few substances to him in their simple or ele- 
mentary form, but furnishes compounds which he is compelled to analyze. 

Ji£rB B. Muriatic acii) is found in nature combined with lime, mag^ 
nesia, and soda; but most abundantly with the last. The common salt of out 
tables is the muriate of «oc?a(26), and from this the liquid muriatic acid is 
disengaged by the agency of sulphuric acid. Glauber, a Dutch chemist of 
the sixteenth century, was the first who obtained it by this process; and from 
his name, the sulphate of soda, wbich remains in the retort after the muriatic 
acid is driven off, was called Glauber's 8alt(27]. 

As the sea is the great source of the muriate of soda, the acid obtained 
from it was called the muriatic, from mvrta, the Latin name of sea salt It 
is also called the marine acid, and the spirit of sea salt{QB), Although thtf 
muriatic acid had been long known, it was first obtained in a state of purity 
by Dr Priestley, who discovered that it was a permanent gas. In this form 
it is extremely suffocating and corrosive, very rapidly destroying the life of 
an tfnimal confined in it. The liquid acid, some of which I have in this bottle, 
eonsists of muriatic acid gas, absorbed and condensed by water, one pint of 
which will take up between four and five hundred pints of the ga8(29}. 



S3. What remarkable properties does the^tis-aiffcsc add possess^ 
524. What is said respecting the composition of fluoric acid? 
85. Why are we justified in concluding that it is a compound? 
£6. In what combination is muriatic acid found most abundantly? 
27. Who was its discoverer, and by what means did he obtain it? 
fiS. What is said respecting the names given to it? 
S9. What is the form, and what the properties of the pure acid? 
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Canine. Then ve cannot ««Ileel thU gu bj meani of the pi 
■i>teni, *• the nler aDald ibtorb Itai tiut u it vm prodoeed. 

JIfrt B, K (Dereuriil trough, or vUlera, it 
nied for that parpoiet hut ai the ipcaifio CtUtcting gateou* MCuri- 
|Ta*it}r of the pu exeeedi that of >tiao»- otic Add. 

pherie air, it can be collected in a hottle, a> we 
fermerlj' collected earbonM acid (p. 197)(M)t 
it it ncceaury, howcTer, earefull; to iTold the 
fumea. I hate DOir filled thia bottle, and will 
loTcrt it, placing the month of it in water. 

Emily. How rapidly the water aaeeodi 
BII> the bottle. I expected to lee the ^i th- 
iorhed, but not ao anddenlj. I obterre that j 
wheneTcr thia gu comei In conlael with the i 
mosphere, a white cloud ii fonaed, allhoogh the ] 

gu itaelf ii colourleia and inTiiible. Thia, I ■ 

nppoae, ariie* from iti combining with the A 

watery wponr which it findi in tbe air. [A. FlaA MntalnlBg nra. 

J*^ B. CcTtainlji and from the eitreme ea- riate of aodaand inlpl^ 
(crueH with whi^ thia gai nnitei with water, no acid.] 
■o maeh beat will he Kt free, aa to melt a por- 
tion of ice or snow, placed ia it, ai rapidi; a> thoiiKh it wet« thrtXWB into a 
fire(Sl]. 

An apptratoi, called tTtu^'i apparaHu, !* adrantageondy n*ed hi pre- 
paring the liquid acid. It it employed, m fact, in all thote pnweiae* when 
liquida are to be impregnated by gatei, and you onght therefore to nif 
deratand itt operation. Thia apparatut it made m Ttrioui forma, but thai 
which I hare on the Ubie it the mjit common. The botOet, you peroeire, 
._ r„_i.u... _.,.. .. ._ T. which 



Wttdfe't Jpporattu. 




Wken mariatio acid it to tie formed, eommOQ nit is put into tlie re- 
tort [A], and lulphuric acid, a little diluted, poured upon it On apply- 
ing heat to the retort, the gaseoua muriatic acid pastel Into the globe [B]i 
and in that ji deposited any condentible Tapoar which would render the 
acid impure. From thii globe the gai paitet through the bent tube [C], 
which ahould terminate above the aur&ce of the water in the first bottIe[D}. 
ThU water abtorbt a portion of the gat, aod Ihe remainder paiiei tbroa{^ 
the tube [E], which dips below the water in the next bottle [F]. I^ thia way 
any number of bottles may be eonneeted together, and the proaeta oon- 
tinued until the water in each ia completely latatatcd. To promote the 
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tbsorptioD of the g;a>, the hottles majr be surrounded with ice. Any 
atmospheric air, or other gas, which, the water will not absorb, may be 
allowed to escape at the tube [G] in the last bottle. 

CaroHne. Yoa have explained the use of the bent tubes, but not of the 
Straight ones which pass np from the middle neck. 

JIfra JS. These tubes, called safety tubes, are intended to admit atmos- 
pheric air into the bottles, when its admission may become necessary. As, 
for instance, when, from diminished action in the retort, the gas ceases to 
eome over. A yaouum may then be produced in the globe [B], as the wa* 
Cer in the first bottle [D] will be likely to absorb the portion of gas which 
it contained. The pressure of the atmosphere, acting through the tubes 
[G,E and C] would then cause the fluid in the first bottle to pass over into the 
globe, and it would be spoiled by mixing with the impurities which the globe 
had detained. The central tubes prevent this from taking place; for, the 
i^r of the atmosphere will rush in through them, and bubble up through 
the fluid into which they dip, whenever a vacuum is formed in either of 
the bottles(32). 

In using this apparatus all the tubes must be made to fit air tight In 
the manufactories where muriatic acid is made upon a large scale, vessels 
of iron, and of earthenware, are used, instead of those of gl.iss. A little iron 
18 usually contained in the acid of commerce, and from this cause it assumes 
a yellow coloar(33]. 

Caroline. As this acid contains a substance with which we are at pre- 
sent unacquainted, I feel a good deal of interest upon the subject of its de- 
Qomposition. 

J^rt B. And to gratify you in this particular, I will omit all further 
notice of the muriates, until you have obtained some information respects 
ing chlorine. 

Cbloriite was discovered by the eminent Swedish chemist Scheele, and 
the process by which he obtained it is still pursued. ^ Strong muriatic acid 
as mixed, in a retort, with about half its weight of the peroxide (black oxide) 
of manganete: chlorine gas will immediately begin to escape, and may be 
collected over the pneumatic cistern, provided the water in it be heated 
to eighty or ninety degrees of Fahrenheit's scale. This is necessary, 
as water at a lower temperature absorbs a portion of the gas, and if 
quite cold, will take up its own volume; which it will give out again when 
l^ated. As chlorine is much heavier than atmospheric air, it may, liko 
muriatic acid gas, be collected in bottles standing upright, which, when fill- 
ed, should be closed by well ground stoppers. The fumes that arise 
from chlorine should be carefully avoided, as they are not merely unplea^ 
•ant, but deleteriou8(34). 

Emily. So far it appears to re&emble the muriatic acid itself, from which 
it is obtained. 

Afrs B. You will find however that it is a very different substance, and 
that in its chemical relationships it bears a strong affinity to oxygen; being, 
like it, a supporter of combustion, converting some combustibles into chlo» 
rides, a class of compounds which are analogous to oxides, and combining 
with others of them in such proportions as to produce aGids(35). 

We hare now a sufficient quantity of chlorine collected to show ita 
properties, some of which are very peculiar. 

Caroline, It already exhibits one peculiarity, as, unlike all the other 



52. Beseribe the construction and the use of Woulfe's apparatus. 
S5* From what cause does the muriatic acid of commerce appear yellow? 
34. Who was the discoverer of chlorine^ and by what method and under 
what precautions may it be obtained.^ 

95. What is said respecting its analogy with oxygen? 
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gftsefl which you have prepared, it is eoloured, Che bottles which eontam 
U assuming a greenish-yellow appearance. 

Jifrt J3, It was this character that suggested to Davy the name by 
irhich it is now called; the term chlorine being derived from a Greek 
word signifying green. It had been previously called oxygenized or oxy* 
muriatic aciily the reason of which will hereafter appear(36). 

I have said that this gas is a supporter of combustion, and in fact, with ^ 
the exception of carbon, all combustibles burn in it. Many of them will take ! 
fire spontaneously, when placed in a vessel containing it, without requir* ' 
ing to have their temperatures previously elevated(37). 

Emily, Are not the thin metallic leaves which you are taking up called 
Datch metal, or Dutch gold leaf ? 

J^rs B, They are. And I will now immerse one of them in a jar of 
the chlorine, and you see that it immediately takes fire. 

E$mly. Yes, indeed it did, and the combustion too was very rapid. I 
suppose a chloride has been formed; but a chloride of what^ 

Jfc&*« B. This Dutch metal consists principally of copper, and of course 
its chloride is thfi main product. Other metals in thin leaves burn in the 
same way. In their combustion they also are converted into chlorides. I 
will ne^ drop some antimony, and then some zinc, in fine filings, into separate 
portions of the gas, and each of them will inflame and burn with great 
brilliancy(dS). 

Caroline, They form a complete shower of fire, and were it not for the j 
excessively disagreeable smell of the gas, the experiment would be altogether ^ 
a most pleasing one. | 

Mrs B, We will try the same experiment with the piece of phosphorus 
which I have in this copper ladle. You had better stand on this side, that 1 
when I open the jar the wind may blow the vapour from you. I 

Emily. It takes fire and burns beautifully, although by no means so 
splendidly as in oxygen gas(d9). 

Mrt J3. These examples of combustion must suffice; as I wish now to 
show you the extraordinary power of chlorine in destroying colour; or in other 
words, its bleaching property. In one of these jars of the gas I will place a 
red rose, and in the other a piece of printed calico, and its influenee will be 
yery quickly seen. 

Emily, The rose is already nearly white, and the calico is becoming so 
on its edges(40). 

J^r» B, There are but few colours which resist this agent And sll 
those which are derived from animal or vegetable substances are completely 
discharged by it. This property of chlorine has been turned to good account 
tn the manufacture of cotton and linen goods, of paper, and of many other 
articles which require to be bleached(4l). 

Caroline. I do not understand in what way the black oxide of manganese 
operates, in the conversion of muriatic acid into chlorine. This oxide, I 
know, has a tendency to part with oxygen, but I do not perceive how this 
ean produce the decomposition in question. 
Mrt B, You recollect the composition of muriatic acidr 

Caroline. Certainly. You informed us that it consists of hydrogen and 
ehlorine. 
Jt^s B, You will readily understand in what way the decomposition Is 



56. Why is it named chlorine, and what was it/brmerly called ? 

37. What is remarked respecting its power of supporting combustion? 

38. What experiments are detailed, and what is their result? 

39. How will phosphorus be affected if placed in this gas? 

40. What evidence is given of the bleaching power of chlorine? 

41. To what use has it been applied in consequence of this property? 
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effected. The peroxide of manganese parts with a portion of its oxygen^ 
vhich combines with the hydrogen of the muriatic acid, forming waterw 
The acid is of course decomposed, and the chlorine set at liberty(42). 

Such is the theory of its «etion{ and without waiting to puzzle you wiih num>* 
bers, I will merely obserTci that when examined by the law of definite pro* 
portions, it is in perfect accordance therewith. After the decomposition of 
the acid, and the disengagement of its chlorine, there remains in the retort 
a muriate of manganese $ that salt being formed by the combination of a 
poKion of the muriatic aetd with the protoxide of manganese. The attrac- 
tion ^f chlorine for hydrogen, and of muriatic acid for the protoxide of 
manganese is the cause of ^e deeomposition(43). 

Caroline, I am still thinking of the old name of chlorine, oxymuriatia 
acid. This name seems to point out a combination between muriatic acid 
and oxygen, which, if it took place, would accouat for the fact that many of 
the properties of oxygen are possessed by chlorine. 

M-B B. At the period of the adoption of this name, muriatic acid wai 
TbelieTed to be an undecompounded substance, but capable of forming 
a combination with oxygenX and it was imagined that in the process by 
vhich chlorine is procured/ oxygen was supplied to it by .the oxide of 
manganese, and that whenever it parted with this oxygen it returned to the 
atate of muriatie acid(44). A number of facts seemed to justify this opinion { 
I will mention one only. When chlorine (oxymuriatic acid) had been em- 
ployed in bleaching, it was found that it eventually ceased to produce this 
effect, in consequence of its passing into the state of muriatie acid. A a 
Gzygen was known to be the agent upon whose influence the discharge of 
eolours principally depends, it was a very . natural conclusion, that the 
bleaching power of chlorine (oxymuriatic acid) resulted from the ^cility 
vith which it wfs supposed to furnish oxygen in a nascent state, whieh, com- 
bining with the colouring matter, effected its removal(45). 

Caroline, I am somewhat afraid of my own confidence; bnt it seems to 
me that tiie fact which you have stated, lends no feeble support to the old 
theoiy. How can chlorine give out oxygen, if it does not contain any? 

Mr9 B. If it takes hydrogen from water, oxygen is given out by its 
agency, although not from its own substance. Now in all those processes 
in which chlorine assumes the form of muriatic acid, water is present; and if 
hj seizing Upon its hydrogen the chlorine retorna to the state of muriatio 
acid, the nascent oxygen of the water will produce all the effects which were 
formerly ascribed to it when it was supposed to be derived from the decom* 
position of oxymuriatic acid. PerfeofJy dry chlorine does not produce any 
ehange in coloured substances, but as soon as moisture ia admitted, the hleael^ 
ing operation commences(46). ' 

CaroUne, It seems very curious, howeiKr, that all the effects of chlorine 
should be so readily accounted for upon either theory; and I should think 
that it is a subject still worthy of examination. 

Jlfr« B, There are some few facts which, when placed before you, may 
not appear to he so reconcilable with the idea of the compound nature 
of chlorine as that already stated. Three of these I will mention, and then 
dismiss the controverted point altogether; proceeding in all our subsequent 
explanations on the received opinion that chlorine is an elementary body* 



43. How does the oxide of manganese aid in decomposing muriatio acid? 

43. What remains in the retort after the chlorine has escaped? 

44. Chlorine was formerly called oxymuriatic acid, what was the reason 
for applying this name to it? I 

45« What fact was oalculifted to sustain this opinion? 
46, How are the disengagement of oxygen and the prodnetion of muriatio y 
aaid now accounted for? 
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CaroUne. I shall be obliged to yoa for these &ct8, and will promise yoa 
not to urge any more of my erode objections; but to be what I ought to be^ 
a listener and a learner. 

J^rs B, When equal measures of ehlorine and'^f hydrogen gases (both i 
perfectly freed from moisture) are mixed together, if an electrie spax^ b« 
passed through the mixture they instantaneously combine, heat and light are 
emitted, and muriatic acid is formed. The weight of the acid will be exactly t 
equal to that of the two gases, and no oxygen will be obtained. Any other j 
mode of igniting the gases will answer equally well(47). 

If charcoal in a state of intense ignition be kept in chlorine, the ga» 
suffers no change whatever. The charcoal does not acquire any oxygen^ 
and as it will not burn in chlorine, no chemical eflfeet whatever is pro* 
duced. 

Emily. That appears yery remarkable, as ignited charcoal decomposei 
almost every oxide. If chlorine contained oxygen loosely combined, it cei^ 
tainly would give it up to the charcoal (48). 

J^rt B. Again; if chlorine, perfectly dry, be exposed in a glass re* 
eeiver to the action of light, no change whatever will be produced in it 
But if any moisture be present, muriatic acid will be generated, and 
oxygen gas set at liberty. In the sunshine this change is effected very 
quickly; more slowly in a feeble light, and in the dark not at all. It is 
necessary, therefore, after we have obtained chlorine over water, to exclode 
the vessels containing it from the action of light, or it will soon be changed \ 
in its propertieB(49). 

Caroline, These facts seem indeed to give a strong support to the ele- ' 
mentary character of chlorine. The action of light in effecting the compo* 
sition of muriatic acid is a circumstance which appears full of interest. 

JlfvB B. You have seen many instances of the chemical ngency of ligfa^ i 
and certainly its action on chlorine is not one of the least striking. The j 
mixture of dry chlorine and hydrogen, which will ignite by the electrie 
spark, will explode also the moment the direct solar ray is allcfwed to foil 
upon a glass vessel containing them, although in the diffused light of 
day their union is effected but slowly(50). 

Emily. Does there appear to be any other compound of chlorine and 
hydrogen, excepting the muriatic acid f 

JIfra B, No; and in this the combination is believed to consist of a single 
atom of each element. And as in muriatic acid the weight of the chlorine is 
thirty-six times that of the hydrogen, the equivalent number, or atomit 
weight, of chlorine will be thirty-six; and when to this we add one, the 
weight of an atom of hydrogen, we have thirty-seven as the equivalent of 
muriatic acid(51). 

Before closing this conversation I will mention the process by wbidk 
ehlorine is obtained in the manufactories for the purpose of bleaching, as it 
differs from that by which we have procured it. 

Three parts of common salt are mixed with one part of the peroxide 
of manganese in powder. This mixture is put into a retort, and two parts 
of sulphuric acid, diluted with an equal weight of water, are poured upon iL 
The sulphuric acid disengages the muriatic acid from the muriate of sodai 
the oxygen cf the manganese combines with the hydrogen of a part of this 



47. How may muriatic acid be formed by the direct union of chlorine and 
hydrogen? 

48. What is observed respecting charcoal ignited in chlorine? 

49. What is remarked of the action of light upon chlorme? 

50. What effect wiH it produce on a mixture of chlorine and hydrogen? 

51. What are the atomic weighta of chlorine and of muriatic acid.^ 
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mnrifttie aeid, and reduces it to the Mtate of ehloi^me, which passes off in the 
gaseous form. Can you tell me -what will then remain in the retort(52)? 

Caroline. I think I can; for although two operations are simultaneously 
performed, you have to-day explained themhoth to us. The sulphuric acid 
unites with the soda of the eommon salt, and forms a sulphate of soda, and 
whilst a part of the muriatic acid which is expelled from the soda is decompos- 
ed, m parting with its hydrogen to the oxygen of the manganese, another pari 
^mbines with the protoxide of manganese, forming with it a muriate of that 
metal. The sulphate of soda and the muriate of manganese, in a state of 
mixture, must therefore be foui^ in the r€ytort(53). 

Mra B' I was apprehensiv.e that tlie subject of our present conversa- 
tion would have presented greater difficulties than you appear to have ex- 
perienced in understanding it. By the combination of industry and method, 
•yoa already have done much towards attaining a knowledge of some 
chemical changes which are among the most intricate that this science 
presents. Still, at our next meeting, you will find that the subject is not yet 
exhausted. 



\ 



CONVERSATION XXIV. 

ON THE COMPOUNDS OF CHLORINE, AND ON IODINE, 
BHOMINE, AND THEIR COMPOUNDS. 

CMoridea and Muriates. Hydrochloric Acid. Chlorine and Oxygen, 
Protoxide of Chlorine. Chloric and Perchloric .^ds,. Chloride ofMtrO' 
gen. ffydrocarbttret of Chlorine. ChlonOe^orHyperoxymuriate of Potato, 
Jifforda pure Oxygen. Match-Flights. Combustion of Phosphorus under 

Water. Detonations vith Sulphur, Phosphorus, and Metals. Percussion 
powder. Muriate of Soda, or Chloride ef Sodium. Sea Water. Sources 
and Uses of Common Salt. Muriate of Ammonia. Muriate of Idme, 

Chloride of JUme. Its Bleaching and Disinfecting Properties. AquaRegia, 
or J^tro'muriatic Acid. Dissolution of Gold, Corrosive Sublimate, and 

Calomel. Iodine and Bromine. Their Properties and Combinations, 
Are Electro'-Tiegaiive Bodies, Uses of Iodine, 

Caroline. It seems to me, MraB. that in operating with ohlorine, it must 
sometimes be difficult to foretell whether you are about to form a chloride 
or a muriate. For as water is contained in the atmosphere, and in the gases 
generally, the chlorine may combine with the hydrogen of this water, and 
form muriatic acid, without our being aware of the change. 

Mrs B. The difficulty which you hav^e anticipated does actually exist. 
And there are cases in which chemists have not been able to determine, 
absolutely, to which of the two classes certain bodies belong. For a 
substance which is actually a chloride whilst it remains solid, may, when 
dissolved in water, obtain hydrogBen, and thus become a muriate. I wish 
you to take special notice of tliis fact, and I shall shortly direct your attention 
to it more particularly in my remarks upon common 8alt(l). 

J5ym7y. There seems, in this ease, to be some diaerepandy in the names 
which you employ. That of muriatic acid certainly gives no indication 
of the elements of which this acid is compounded. 



52. How is chlorine usually obtained for bleaching? 

53. What will remain in the retort after tliis process? ' 

1. What difficulty may exist in tracing tlie operations of chlorine? 
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Mr9 B* When tlie new nemeiMbitnre wm adopted, the eom^ialum uf 
this aeid was unknown, and renained to for many years. The name muraatin 
aoid had during tiiti time become ■o&mi^aras to render a change both 
difficult and inconvenient. The Frrach chemictaeidl it hydrochloric add, 
and its salts hydr*9€hionUe§f but as we continue to use the old name, you have 
only to charge yonr memory with the recollection of the composkion of the 
•Old, and all erroneons eonclasions will be aToided(S). 

I hare told yon that it is not with hydrogen alone that chlorine forms aa 
aaid, its nnion with oxygen prodoei^ a similar result There are in &ct four 
known compounds of oxygen and chlorine. ' These substances are all 
characterized by the feeble attraction of their, constituents, rery 8li|^ causes 
effecting their decomposition. Their names and composition are showa in 
this table(d). 



Compounds of Chlorine and Oxygen. 

1. Protoxide of chlorine {euchlorine) 
S. Peroxide of chlorine, 
S. Chloric acid, 
4. Perchloric acid. 



Chlorine. 

36, 1 at. 
d6y 1 at. 
36, 1 at. 
36, 1 at 



Oxygen, 

8, 1 atom 
32, 4 atoms 
40, 5 atoms 
56, 7 atoms 



JttMdc weight 
ofcov^omtd, 
44 

76 
92(4). 



Caro&nei The large number of atoms of oxygen in some of these com" 
pounds, and the facility with which it is separated, must, I apprehend, cause 
them sometimes to act with great power, particularly upon combustibles. 

Mro JB. You will find your conjecture fully Terified; but as substances 
so easily decomposed cannot exist in nature, they are all under the control 
of the chemist, being his own artificial productions(5). The VROTOXinx 
or OHLomnri, sometimes called euchhrine, is a gas, the colour of which 
is similar to tiiat of chlorine, but of a much deeper shade. It is extremely 
explosive; the warmth of the hand, or its agitation in pouring it from one j 
Teasel into another being sufficient to make it explode. The pxbozisb 1 
ov CBLOBiirx is also a gas, but of a still more intense colonr(6). 

Its explosion is more powerful than that of the protoxide, but it does not 
take place below the heat of boiling water. Both these gases possess pow- 
erfully bleaching properties, and in either of them phosphorus will spontJh 
aeously burst into flame(7). 

BfttUy, These compounds appear to be dangerous affairs to meddle 
with, and ou|^t not to be tou ned by inexperienced hands. 
* Mro B. There are other combinations of chlorine which are still move 
violent than these. Fortunately, however, we may safely talk aboat such 
compounds, although the handling of them might be attended with some 
risk. 

CaxiORic i.cn) is generally formed by passing chlorine through solutions 
of the alkalies and alkaline earths. It is in its combinations with these 
bases, called cMoratea, that we shall witness its most important proper- 
ties(8). When obtained in a separate form it is a colourless fluid, possess- 
ing all the characteristic properties of the acids. It is so easily decomposed, 
that it has been but little examined. Perchloric add is still less known, 
although the existenee of such a compound is considered as estabUshed(9)« 



2. What is obserred respecting the names of muriaHc add? 

3. How many combinations of chlorine and oxygen are known.^ 

4. What are they named, and how are they constituted? 

5. What is observed respecting the facility of their decmnposition? 

6. What properties characterize the protoxide of chlorine? 

7. What particulars are mentioned respecting the peroxide? 

8. By what process is chhric act</ usually produced? 

9. What further is remarked respecting chloric and perchloric aeidt^ 
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CarvSne, Notwithstandini^ ohlorlne, in its timple form, is not presented 
to us hj nature, yet if in her operttions its eompoimds Rre as aetiye as those 
. prepared hj the chemist, it maj oerteinly elaim aplace in eompanf with that 
ail perrading principle, oxygen. 

Jlfr$ B» The chemical history of ohiorine is one of great interest, bat at 
flie same time of great intricacy; and the eonsiderMion of it has there* 
forer^heen deferred until most of the other agents had been made knovn to 
you. The ehanges whieh it undergoes, or produces, are so inyolyed, as 
not to admit of a systematio elasslfieationy and of coarse, I shall not at- 
tempt any. 

I shall next notice some oC the chlorides, and may probably find it eon- 
Tenient to incorporate both the ehlorates and muriates with them. 

CsiORiBS OT irnpfto«sv is an oil-like fluid, produced by the union of the 
bases of the two gases. When the mouth of a receiver containing chlorine, is 
placed over a sotution of muriate of ammonia, the alkali is gradually decom- 
posed, its hydrogen unites with a portion of the chlorine and forms moriatia 
amd, whilst its nitrogen combines with another portion of chlorine, pro* 
dacing the chloride ofnitro^en(lO), This liquid first forms a film upon the 
■arfii^ of the solution, and afterwards sinks through it in drops. A single 
drop, Uie sisse of a pea, if incautiously handled produces a dangerous ex« 
plosion. The same effect is likewise caused by mere contact with olive oil^ 
and with many other combustibles, although it is not induced by heat alone, 
ontil the temperature exceeds 200^ The chloride of nitrogen is eonv^rted, 
by explosion, into a mixture of nitrogen gar and chlorine. ]|s dtseoverer 
Dulong, and Sir H. Davy, were both seriously injured by experimentiBg 
with this most violent of all the explosive eompound8(il). 

EmUy, I recollect another compouiui resembling oil, whieh yoa told at^ 
(p. 162) was prodttoed by the combination of elefiant ff€t9, or heavy carbu^ 
retted hydrogen, with chlorine. This, like the combination of nitrogen and 
chlorine, is, I suppose, denominated a chloride. 

' Mro B, This oSy substance is not called a chloride, but is frequentlj 
dengnated by the term hydroearburet of chlorine. To form it,' equal mea* 
sores of chlorine and c^ olefiant gas are mixed together; whei*eupon the 
two gases g^doally disappear, and there is generated a yellow liquid like 
oil. This substanee, however, does not possess any of the properties of the 
chloride of nitrogen, nor is it properly an otl(13). 

Carbon, salphur, phosphorus, and some 'other artieles may also be eon« 
▼erted into chlorides, but I shall pass them by, and proceed to a very in* 
leresting salt, formerly called the hyperoxymuriate o/potoiMf but now de« 
nominated chlorate ofpotaooa, 

Chlobate ov potassa, better known as the hyperoxymwiate ofpotaooa^ may 
be conveniently formed in Woulfe's apparatus (p. 836). By puttmg into the 
bottles a solution of causdc potash, and passing into it a stream of ohiorine 
gas, until the solution is saturated, the salt in question will be produeed(13). 

Caroline. But how can this process form a chlorate? I should suppose 
that, to effect this, you must pass chloric acid into the solution of potash. 

Mro B. Recollect that water is present, and you may find that by in* 
Yoking its aid your difficulty will be removed. The hydr(^|en of the water 
unites with a part of the chlorine, and forms muriatic acid, which acid com- 
bining with potash becomes muriate of potash. The oxygen liberated firom 
the deeomposed water, and presented, in its naseeiit state, to the ehlorine. 



10. By what process may we form the ehhride ofmtrogtn f 
11* What is its appearance, and what are its propertiet? 
13. What is said of the oil-like substance firom olefiant goof 
IS. By what proeeas may hypevxymuriatef or ^iUsrofe, rf poiaoom be 
(brmed^ 



244 C0NVERSA.TI0N8 ON CHEMISTj 

combines wilh it; and this anitiBg with a part of tiie potaah, prodaoea ^ilo* 

rate of potassa(l4). 

Caroline, But I perceive what appeara to me a strong^ objection to that 
explanation. Chloric acid contains one atom of chlorine united to five atoma 
of oxygen, and yet each atom of the decomposed water parts with but one 
atom of oxygen. Whence, then, can the chloric acid derive the five atoms 
required to produce it(15)? 

Emily. Were muriatic acid alone generated, oxygen alone would be 
given out. Perhaps, therefore, there may be a large portion of muriatic, and 
but a small portion of chloric acid formed; and this, you know, might af* 
ford a sufficient quantity oC oxygen to give the. five atoms necessary to its 
composition. 

J^rt B. And such appears to be the fact. The quantity of mnriate of 
potassa, which we obtain, is five times as great as that of the chlorate, and 
consequently, there will be oxygen enough liberated to produce this pro* 
portionate quantity of chloric acid(l6). 

The chlorate of potassa is much less soluble than the muriate, the conie- 
quence of which is, that, during the process, .a large portion of the chlorate ia 
precipitated in beautiful pearly scales, such as you see in this phiaL 
These crystals are washed to free them from any adhering muriate of po- 
tassa, and may, when dried in a gentle heat, be considered as the pure chlo« 
rate of potassa(I7). Between this salt and nitre, there i« a strong resem* 
blance; as there is, indeed, between the nitrates and the chlorates generally. 

Emily. This may well be supposed, as they both contain a lai^ quan- 
tity of oxygen in a st^te of very loose combination. 

Jlfra JS. And in the chlorates the'union is more loose than in the nitrates; 
in consequence of which many inflammables will decompose the formex, 
which, under similar circumstances, wuultl not affect the lMt««^ avyoO. 
will presently see(.i8). 

Caroline. Can we not decompose the chlorate and obtain its aeid, by 
pouring upon it sulphuric acid, just as nitric acid was obtained from nitre ? 

Jifrs JB. The decomposition in this case does not stop at the production 
of the acid. The chloric acid is not merely separated from the potash, but 
is itself decomposed, and explodes, shivering to atoms any glass vessel in 
which the mixture is made. It is possible however to obtain the acid ia a 
liquid state, and, therefore, its separate existence is well established(19). 
As I have before indicated, our experiments with it will be allnutde with, its 
salts. 

1 mix a few grains of loaf sugar in powder, with about half its quantity of 
the chlorate of potassa, and touch the mixture with a drop of sulphuric acid. 

Emily. Its combustion was nearly like that of gunpowder, only some- 
what more slow. The chloric acid was in this case decomposed by the 
sulphuric, and the combustion effected by the liberated oxygen; was it not 
so(20)? 

J\Ir8 J?. Undoubtedly. Heat, you know, will cause nitre to part with a 
large portion of its oxygen, but from the chlorate of potassa this gas is ob- 
tained in much larger quantity, and in a state of greater parity. To this 
material the chemist resorts whenever he has occasion to employ oxygen 



14. What is the rktionate of its formatioti? . 

15. What objection is urged against this explanation? 

16. By what reasoning is this objection obviated? 

17. How is the salt dbtained in tho crystalline form?- 

18. What strong resemblaniie is theire between this chlorate and nitre? 

19. What takes place when sulphuric acid is poured upon this salt? 
9^ What experiment may be performed with the chlorate and sugar? 



\ 
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gas in Its most perfect form. One hundred grains of the chlorate affbrd ahout 
twenty-five grains of the gas, or, in bulk, about seventy-five cubic inches(21). 
CaroUne, The famous match-lights, -which I have so often used, must, I 
tUnk, depend upon this chlorate for their action. 

Jlir9 B\ Entirely; these matches, after being covered with sulphur, are 
dipped into a mixture of chlorate of potassa, sugar, and sulphur, made into a 
paste with gum water. They are then dried, and when touched with aul- 
phurio acid, instantaneously inflame. 

Caroline, The phial then, into which we dip them must contain sulphurie 
aoid(SS). But what causes it to get out of order, as it very soon does? 

Jiirn B> The sulphuric acid, by the frequent opening of the phial, at- 
trnots moisture from the atmosphere, and thus becomes too much diluted 
to pftKlnce the intended effect. 

By the aid of sulphuric acid, the chlorate may be made to give out its 
oxygen under water, and if this takes place in contact with phosphorus, its 
eombustion will be efiected. At the bottom of this glass of water are some 
small pieces of phosphorus, covered with some of the salt; I pour some 
strong sulphurie acid down the side of the glass, and the combustion com« 
tnences the momen* the acid touches the chlorate(23). 

Emily, How wonderful it is to see flame bursting out under water, and 
how gratifying to be able to account for it ! We know now, through 
your kbd instructions, that the sulphuric acid decomposes the salt, by com« 
binlng with its potash, and that the disengaged oxygen effects the combus- 
tion of the phosphorus.^ 

JUra J?. Very well explained; and with a little more reflection you 
would have added, that the increase of temperature resulting from the mix« 
ture of the sulphuric acid and water, powerfully aids in promoting the com- 
bu8tion(24)« 

Frictipn, or a blow, will enable many combustibles to decompose thii 
chlorate. Observe, 1 put two or three grains of the salt, and about half the 
quantity of flowers of sulphur into this iron mortar; now I will rub them to* 
gether, with the pestle. 

f.- Caroline, Astonishing! what a succession of reports; they sound like a 
number of pistols fired one after another(25). 

Ji^s B, If I mix the pulverized chlorate and the sulphur intimately to« 
gether, then collect the mixture in a heap in the mortar, and strike it with 
the pestle, the report will be like that of a gun* Most of the metals, mixed 
with the chlorate, in the form of filings, and treated in the same way, will 
also produce explosions. Charcoal, likewise, when in powder and thus 
mixed, is inflamed, either by friction, or by a blow. Its action, however, is 
less violent than that of sulphur, or the metals(26]. 

Caroline. Might not a gunpowder much stronger than that in use be pro« 
duced by employing the chlorate of potassa, instead of nitre? 

Mtb B, Yes: and this has been actually attempted; but several indl- 
Tiduals lost their lives from the explosion of the mAterials whilst they were 
being mixed together(27). 

Bndlif, The powder now used produces so much desolation, that we 
need not regret the difficulty of preparing such a kind as would be still 
nM>re destructive. 



81. What is said on the procuring oxygen from &e ehlonte of potassa ? 

S8. How are the match-lights prepared from this salt? 

83. How may phosphorus be made to burn under water by its aid? 

84. In what way is this phenomenon explained? 

85. When the chlorate is rubbed up with sulphur, what ensues? 

86. What explosions are mentioned as produced by its aid? 

87. Has it been attempted to use it instead of nitre, in gunpowder? 

V2 
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J£r« JB. A kind of powder whieh ioiitmes by a blow, instead of by 
flint and steel, and called perciuaion povder, has been made by substitating 
the chlorate for the nitrate of potassa. This powder was, for a while, em- 
ployed for the priming of percussion gnns^ but fulminating mercury (p. 197) 
is now generally used for tliat purpose, it baving been found to be naach 
better adapted to the purpose than the former(£8). 

After having thus explained to you the properties of the hypcroxymuriate, 
or chlorate of potassa, I shall not introduce the other alkaline and earthy chlo- 
rates, because they are so analogous in their general properties as not to 
offer any thing which would be particularly interesting to you. We have yet, 
however, something to say respecting the muriates and chlorides, and will in 
the first place recur to that with which you are already the best acquainted; 
I mean the mubiats of soda. 

Caroline, Your injunction at the commencement of our eonversation to- 
day, leads ns to anticipate some difficulty as regards the constitution of this 
salt, but with your aid we may confidently hope that we shall not find it 
insurmountable. 

J^rs JB. The received doctrine as regards muriate of soda is, that, io^l 
perfectly dry state, what we call by that name, is really a cblorisk ot bo- 
SIUK; that when this chloride is dissolved in water, it is, in the mere act 
of solution, converted into muriate of aoda; and that if the water he again 
evaporated, the muriate of soda is then decomposed, and chloride of sodium 
reproduced (29). I need not inform you what is the chemical difference be- 
tween those two compounds. 

Emily. That I think we understand perfectly. The chloride of sodinm 
consists of metallic sodium, united to chlorine, and it contains nothing 
therefore but these two substances^ but the muriate of soda is composed 
of the oxide of sodium (common soda) combined with muriatic acid, which, 
on its part, consists of hydrogen and chlorine. Muriate of soda, therefore, 
contains sodium, chlorine, oxygen, and hydrogen(30). 

CaroHne. I shall require some unequivocal testimony, before I have per- < 
feet faith in these sudden and imperceptible transitions. < 

•^frg B. Pure metallic sodium burns very readily in chlorine; and when 
its combustion is effected "without the presence of any moisture tahatever, 
the product is identical with common salt. Can this, therefore, which eon- 
tains neither oxygen nor hydrogen, be a muriate of soda^ 

Emily. Assuredly not, because neither of the constituents of water is 
present, or conceimed in the process. It seems plain that you can, in this 
case, obtain nothing but the chloride of sodium[Si). 

J\fr8 JB. Yet, when you dissolve this chloride of sodium in water, if yon 
pour sulphuric acid into the solution, muriatic acid will be expelled, and | 
sulphate of soda formed. It appears, therefore, necessarily to follow, that ' 
when the chloride of sodium comes into contact with water, this fluid is de- 
composed, that the sodium becomes soda by combining with its oxygen, and 
that the chlorine becomes muriatic acid by combining with ita- hydrogen. 
When the water is evaporated, the hydrogen and the oxygen are expelled, 
and being presented to each other in their nascent state, again unite, and , 
form water, whilst the sodium and the chlorine are also restored to their ! 
former 8tate(32). 

Caroline. Such evidence certainly *' must give us pause," and indnee us 
to study this particular subject with great care. 



fiS. Of what does the priming of percussion guns consist? 
S9. What is the received opinion respecting muriate of soda? 

50. In what respects do muriate of soda, and chloride of sodium differ? 

51. What proof is given tliat common salt, when dry, is a chloride' 

52. What shows that it becomes a muriate by solution' 



ON THE MURIATES. 047 

JUr* B' Dismissing, for a while, our theoretical discussion, and retarn- 
Ing to truths of a more palpable kind, we will say something upon the nav 
tural history of this most common, and most valuable of all the saline com** 

pounds. 

J^uriate of soda is principally obtained from sea-water, either by natural 
or artificial evaporation, but it is seldom perfectly pure, as a number of 
other salts exist in the ocean, some of which are bitter and deliquescent. 
Sometimes a considerable portion of these foreign salts is allowed to remain 
ipith the muriate of soda, in which case they not only injure its taste, but 
cause it to attract moisture, and thereby render it unfit for preserving meat 
or fish. X^CBC foreign salts are principally the muriates of magnesia and 
of lime, and the sulphates of magnesia and of soda(33). 

Caroline. But all the salt of our tables is not derived from the sea, ajs 
there are immense mines of it, and a great number of salt springs in the 
interior of many countries. I recollect an account of a mine in Poland 
which has been worked for centuries, and which runs to a great distance 
underground, with columns, houses, churches, and other estahlishments, all 
^ jBut out of the solid salt, and glistening with surprising brilliancy, from re- 
flecting the light of the lamps and torches which the miners are compelled 
constantly to burn(34). 

Mrs B. Salt, from its great value to man, has been adopted as the em^ 
blem of every thing that is excellent and worthy, in the human character) 
and a benevolent Providence has diffused it through countries remote from 
the ocean, by the formation of mountains, mines, lakes and springs, from 
which this necessary substance may be obtained, 
ft Its uses are numerous; it preserves for years those perishable animal suV 
stances which, without it, could uot, sometimes, be kept for a single day. It 
not only heightens the flavour of our food, but contributes to health by pro- 
moting digestion and nutrition. Our domestic, and other, animals have a 
natural fondness for it, and derive advantage fi*om its use. To the arts it 
supplies muriatic acid, sulphate of soda, carbonate of soda, chlorine and 
chlorides for bleaching. It is employed in the manufacturing of calomel^ 
and other chemicals; the potter applies it to the glazing of certain kinds of 
earthenware; and the physician administers it as a remedy in certaioi dis- 
eases, and destroys contagion by liberating its chlorine(35). 

Emily. The article which you have just placed upon the table, with the 
label of sal ammoniac is not quite a stranger to us, as you used it in the 
preparation both of ammonia and of its carbonate: you also gave us somi^ 
account of its origin, and of the means by which it is manufactured (p. 169)* 
>» J[£rs B» You are fully aware that its proper chemical name is the Hn«- 
BiATS OF AKHONiA. My principal reason for introducing it now, is tD 
exhibit its formation by the mere mixture of gaseous muriatic acid and am« 
monia: the moment they come in contact with each other, their bases will 
combine, and form the solid salt. I employ for this purpose the samd 
apparatus which was used in preparing the carbonate of ammonia (p. 171). 

Caroline. I* recollect being much interested in that experiment, m 
evincing, in # very striking manner, the effect of chemical combination in 
changing the form of bodies ; two gases being instantaneously brought into 
the solid state. 

Mrs B. And in the present instance the change is still more remarki^ 
ble, as both the ammonia and the muriatic acid possess an extremely pun- 
gent odour, which is entirely lost in their state of combination, which, yoa 
know, is not the case with the carbonate of ammonia. 



53. What salts does sea-water contain, besides the muriate of soda^ 

34. From what other sources is common salt procured^ 

35. Enumerate some of the uses of this substance 
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tpartments to be disinfected, and to close them for a considerable leng^ of 
time. The chloride of lime, however, perforais its office without requiring 
tny such precaution. 

Caroline, Ever/ man, voman and child ought to be made aequainted. 
trith a process so very beneficial, and so frequentlj needed. 

JUra B* The chloride of lime is now kept bjr the apotliecaries, and la a 
l^eap article. It may be made readj for use when wanted by dissoWing 
lour ounces of it in a pint of water. A wineglass full of this solution ndd^ 
to three quarts of water, or one part in foKy, will effectually renwve the 
effluvia arising from animal or Yegetable putrefaction. In hospitals, ana- 
tomical rooms, and similar places, the solution may be sprinkled about, 
and will rapidly purify the atmosphere{43). The smell of bilge water od 
board of ships, that of paint in newly painted ri^ms, and the offensive odoura 
arising from various causes, are in ihis way not merely removed, but their 
sources also purified. In cellars, and similar places, a portion of the 
dry powder may be thinly scattered upon the floor, and the same may^ be 
done with the most perfect success in those manufactories which are un- 
healthy and o{fen»ive(44). 

Emily, How delightful and ennobling are such discoveries! But I am 
at a loss to perceive by what agency the chlorine la disengaged from the 
lime, as there is no acid added to dislodge it 

Mr9 JB. It appears that the carbonic acid which is always disengaged 
vith putrid effluvia, is, of itself, sufficient for that purpose. It combines 
Vrith the lime, converts it into a carbonate, and thus expels the chlorine, but 
•o gradually as scarcely to allow its odour to be perceived(45 ). 

I have BOW placed before you die most important of the combinaUona of 
eblorine, with the exception of aqua regia, and of those substances formed 
'"'^^ — S^he union of chlorine with mercury; but I must not dismisa the subjeci 
vithout sayii^ something of each of these. That which relates to mereurj 
was purposely omitted uhen we treated of the metals, because you were 
then unacquainted with chlorine. 

. Cat*oline, I recollect your telling us that aqua resia, was hj the eke* 
mist called kitso-xubiatic acid, and that it was the only acid capable of 
dissolving gold or platinum. 

JItfra B* NiTBO-xuBTjLTic ACID is produced by merely mixing' nitria 
and muriatic acids together; and the effect of this mixture will be ahown hf 
in easy experiment, which I have once performed, and will now repeat(46). 

I have here two wine glasses; into each I put a leaf of gold: I now pour 
aitrio acid on one of the leaves, and muriatic acid on the other. The gold 
you perceive remains unchanged: it will soon disappear, however, if I pour 
the contents of the two glasses tog;eUier(47). 

JSmily, It has already dissolved, not a vestige being left: the acida also 
appear of a much deeper colour, and emit a stronger odour than they did 
before their mixture. 

JIfrt B. Gold leaf, when immersed in a vessel of gaseous chlorine, eom- 
bines with it, and is converted into a chloride, and in the present instance, 
•lie, chlorine is the agent which disaolves the gold. You have aeen that 
neither the nitric nor muriatic acid alone will produce this effeet(48). 

Cur^Une. But the chlorine is already eombined with hydrogen to form 



43. How is it used as a disinfecting agent? 

44. What is remarked respecting the effects produced by it? 

45. How is the chlorine liberated in these cases? 

46. How is aqua pegia^ or rdtro-muriatic acid^ formed? 

47. By what experiment is the power of thia acid ahowa? 

48. What appears to be the 8<^vent of the gold? 
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Aniriatio acid, and if the gold decomposed the acid and cdmbined with ita 
ohloriue we ought te obtain hydrogen gas. 

Ji£rB B' It is the oxygen of the nitric acid, and not the gold which dls* 
engages the chlorine. When the two acids are poured together, a part of tho 
oxygen of the nitric acid combines with the hydrogen of a portion of th* 
muriatic acid, and the latter, of course, becomes chlorine, whilst the for* 
mer is reduced from the state of nitric, to that of nitrous acid. This acid and 
ohlorine are consequently disengaged, and it is from these that the colouring 
of the nitro-muriattc acid and the red fumes proceed. The chlorine which 
is liberated dissolves the gold(49). 

If after mixing the two acids, we were to heat them sufficiently to expel 
\the nitrous acid and the chlorine, the remaining acid would have no power 
to act upon gold. 

\( will now briefly explain to yon the formation of corrosiTe sublimatei 
and of calomel, which are both CHLoaisxs of mercurt: there is, howerer^ 
this difference between them, the quantity of chlorine contained in corrom 
nve aubUmate is twice as great as that in aUomel, The latter is the chloride 
of mercury f the former (corrosive sublimate), the bichloride^ or perchleride^ 
offnereury(SO). 

Emity, These then afford another instance of a great change of proper^ 
ties bj merely changing the proportions of the component parts of a body. 
Corrosive aablimate is, we know, a most virulent poison, whilst calom^ 
is safely tued as a medicine in considerable quantities. 

JUra J9. Meroniy, when sufficiently heated, undergoes eombustion in chlo* 
rine, burning with a pale red tame; tihe product being the perchleride of mer* 
ctury^ oit eorroaire tublimate(51). This perchloride may be converted into 
protoehUmde af mercury , or calomel, by rubbing it in a mortar with about itf 
owti weight of metallic quicksilver. The two substances will combine together, 
each atom of chlorine taking to itself an atom of mercury, and the union 19 
completed by sublimation. This is not the process by which these pre- 
parations are mann&etnred, but it serves to give a direct view of their eom» 
po8ition(53). 

Caroline. Ton have several times spoken of the analogy between' chlo« 
rine and oxygen, and I have sometimes wondered at their not having been 
treated of together; bat the delay in introducing chlorine no longer surpri* 
tfes me, as its combinations and changes render its chemical history an ex* 
tremely difficult subject to comprehend, and one which would thereforn 
haye been a complete blank to us at an earlier period. 

J^^s B. But few doctrines in chemistry have encountered greater op» 
position than that of the simple nature of chlorine; «nd at the time whea 
the name of oxyrauriatic acid was changed to that of chlorine, chemists 
were not acquainted with any other substance, excepting oxygen, which sup* 
ported combustion. Two have, however, been subsequently discovered 
which appear to be simple, and are so analogous to chlorine in their gene* 
rai properties, as powerfully to sustain its claim Co be considered as a sim* 
pie or elementary body. These two snbttances are Iodine and Bro» 
Mfn^53). 

Emily. This diseorerf must have been Tery gratifying indeed to ths 
founders and advocates of the new theory. 

Mr» B. loBiirx is a solid, which is obtained in minute scales, or grains^ 
of a blaish«black colour, and a metallic lustre. It is so friable as to b^ 



49. By what reaction Is the chlorine disengaged > 
$0. What are corrosive tubUmtUe and calomel .? 
51. How may the direct formation of corrosive tablimate be effected ^ 
58. How may this be converted into the protochUrride or calomel? 
SS. What discoveries lend aid to the theory of the aimple nature •f 
ehlorine? 
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easily braised between the fingers. It Tolatilizes, though slonrly, at eoin* 
mon temperatures. When moderately heated, it is converted into a va^ 
pour of a rich violet colour. I have some grains of it closed up in this 
€ask, which I will heat by holding it over the lamp, turning it about to 
warm it eqaally(54). 

' Caroline. You may indeed call that a rich colour, I think it the most 
tplcndid purple I have ever witnessed. 

MrsB. Its name is derived fi*ora a Greek word indicative of its coloniv 
Like chlorine, its principal source is the ocean, as it is generally procured 
from the ashes of sea weeds, although found in some other combinations^ 
Its odour is very similar to that of chlorine, which it resembles in being acrid 
und corrosive. In its affinities also it is strikingly similar, deeomposing wa- 
ter and forming with its hydrogen a gaseous acid, called hydriodic addgat^ 
With oxygen it produces iodic acid, and with chlorine chloriodic acid. It 
combines with nitrogen, furnishing an explosive iodide of nitrogen; and tks 
parallel between it and chlorine might be extended through nearly all its 
combinations(55). 

Emily, Under what circumstances does iodine appear to be a supporiei 
of combustion? 

Mrs B, Its agency as a suppoHer of eombustion is very limited. Po- 
tassium, and a few other substances, however, burn in it with the usual ap- 
pearances; and its combinations with bases generally, are analogous to 
those produced by the acknowledged supporters of combustion(56). 

Caroline, If bromine bears as strong a likeness to chlorine as iodine doea^ t 
they certainly must be allowed, to form a well characterized class. 

J^rs B. The' similarity is so great, that its discoverer thought it proba* ' 
ble that bromine was a compound of chlorine and iodine. Upon the most 
careful investigation, however, its character as a simple substance appeary 
to be well established(57). 

Bbomins is a fluid of a blackish-red colour. It is volatile, and when 
volatilized, its vapour is of a bright red, resembling that of nitrous aeidL 
It is found in the waters of the sea and of saline springs, and also in those 
sea weeds which contain iodine. It combines both with hydrogen and 
with oxygen, forming acids which possess nearly the same affinities with 
those formed by iodine and chlorine with the same principles. Potas- 
sium, tin, and antimony bum in it, and are converted into bromides, Likn 
its congeners, it has resisted every attempt at decomposition(58). 

Oxygen, chlorine, iodine, and bromine are the only undecompounded 
bodies which are electro-negative, and which consequently pass to the , 
positive pole when placed in the voltaic circuit. j 

Emily. This last character seems, by a very peculiar resemblance, to t 

'unite these four substanees together, as belonging to one family. All the ' 

other simple bodies, numerous as they are, are carried by their eleetrio \ 

state, to the negative pole of the voltaic battery, whilst these stand alone, as ] 

being carried to the positive pole(d9). J 

Jbfr* B. Before finally parting with bromine and iodine, I ought to in* 
form you that the latter has been advantageously applied in the arts as the 
foundation of some very brilliant colours, particularly in the printiDg of 
calicos. It has also taken a place in the materia medica, as an article 



54. What appearances are exhibited by iodine? 

55. Whence is it obtained, and what are its resemblances to chlorine.^ 

56. In what instances is it a supporter of combustion? 

57. What proves the resemblance between iodine and bromine? 

SB, What is said of the aj[)pearanoe and combinations of bromine? 

59. What special character unites oxygen, chlorine, iodine, and hvf^ 
mine? 



ON SALTS. 1^ 

acting more directly and powerfully on the absorbents than any other in 
the whole list of remedial application8(60). 



CONVERSATION XXV, 

ON THE GENERAL PROPERTIES OF SALTS, 

Of what a Salt must conmt. What -were formerly called Saltt, Sa» 
picUty of Salts dependent upon their Solubility, Circumstances -which 
control the Solubility of a Salt, BeUquescence^ Efflorescence, and Per' 
manence. Water of Crystallization, Anhydrous Salts, Effect of hot- 
Water in dissolving Salts, Formation of Regular Crystals, Two Solid 
Salts rendered fluid by Mucture, Incompatible Salts. Separation of 
Salts from each other. Salts dissolved in a saturated Solution, Double 
Salts, DeJiniUon of a Crystal, Some Crystals not imitable by art, 

Mrs B, In our eonversations upon the elementary principles of bodies 
and of the compounds which they form by their union, you have become 
acquainted with a considerable number of that large class of substances 
which the chemist denominates salts. • There are, however, some facts 
in regard to this very important class of bodies which have been but briefly 
noticed, and others that have not been even hinted at: these will form the 
subject of our inquiries to-day. You undoubtedly recollect the general 
constitution of a salt. 

Caroline, Perfectly, I believe. Salts are subsUnces which consist of 
an acid united to a base[\), 

Mrs B, The term salt was formerly used in a manner altogether vague. 
Almost every substance which possessed sapor, was soluble in water, and- 
erystallizable, was so called. The solid acids, and alkalies, as well as their 
eombinations, were therefore classed with the salts(2). Under such a no- 
menclature a salt might be compounded of two simple substances only: thu» 
potassa, which is an oxide of potassium, and phosphoric acid, which is 
oxygenated phosphorus, were considered as members of this family. £ veiy 
salt, according to the present arrangement, must be compounded of, at 
least, two compound substances; every acid and every salifiable base beine 
itself a compound ( 3 ). 

CaroUne, Then every salt must consist of, at least, four different sim- 
ples. 

Emily, Are you not too quick in your conclusion, Caroline? If we com- 
bine the potassa and the phosphoric acid, and form phosphate of potassa 
but three undecompounded substances will be contained in the resulting salt' 
as oxygen was one of the ingredients in both the combining articles(4) ' 

CaroUne. You have indeed fairly caught me, Emily, and I, ia my turn 
will venture to impugn the definition of the chemists, and say that salt 
itself is no salt; for are we not told that the very article from which the 



60. To what uses has iodine been applied? 

1. How may ascdt be defined? 

2. To what substances was the term formerly applied? 

S. What marked difference is there between the former and the present 
arrangement? 

4. Does it follow that a salt must eontain four simple substances? 
W 
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name is taken, Che mnmte of soda, is aetaally a ehloride of sodium, and 
eonaists therefore of two elementarj substances only(5)? 

Mrt B. Very well managed, Caroline. If the eonstitntton of eommoU 
salt should be uoequiyocally proved to be sueh as is supposed in the theory 
to which you have alluded, this Tery substance must be banished from 
the class to which it has giren a name; but neither its usefulness or its im- 
portance will suffer any diminution from this cause, nor will the defini- 
tion of the chemist be impugned by transferring the chloride of sodium 
from the company in which it has hitherto held a place into another eorps. 
You may recollect, also, that it will resume its former station in nearly the 
whole of its active operations, as the water which dissolves it will also eon- 
vert it into the muriate of soda(6). 

EmUy, To give the name of salt to a substance which is altogether 
faisipid, still seems to do some violence to the idea which Ae word has 
eommonly conveyed to the mind; as no other test of saltness has hitherto 
been known to us but the peculiar taste possessed by a substance; and this 
taste has always been more or less associated with that of common salt. 

Mrs B. You now know, however, that the class to which any substanee 
belongs must depend upon its chemical constitution, and not upon a mere 
accidental character which may belong to the individual. The sapidity of 
a salt depends upon its solubility, and consequently those which are entirely 
insoluble in water must be altogether insipid. A solid substance put into 
the mouth is tasteless if the saliva will not dissolve it, and the intensity of 
its taste will be governed by the facility with which it is dissolved(7). 

Caroline, The facility or difficulty of solution must depend principally 
npon the affinity between water and the salt. Some salts 1 know become mois^ 
and even pass into tlie liquid state, by mere exposure to the atmosphere, 
and these I recollect you have called deliquescent ioUe, 

Mrs B. The cause you have assigned, together with that of the cohe- 
sive attraction of the particles of a salt, are the two circumstances which 
govern its solubility. You will at once see that the more forcibly the parti- 
cles of a salt adhere together, the greater must be the difficulty with which 
water or any other agent can separate them(8). 

As respects the influence of atmospheric air upon them, salts are divided 
Into deliquescent, efflorescent, and permanentifi). Carbonate of potassa, 
muriate of lime, and many others are deliquescent. Other salts, instead of 
acquiring water from the atmosphere, lose a portion of that with which they 
were combined, and instead of retaining their solid crystalline form, fall 
into powder. This process is denominated efflorescence. Sulphate of soda, 
and sulphate of iron, are both efflorescent Those salts which undergo no 
alteration by exposure to the air are called permanent^iO), 

Caroline, But if a salt loses a portion of the water which was combined 
'With it, it loses one of its constituents and must therefore be decomposed. 

J^rs B, Perhaps this effect ought to be called a disintegration, rather 
than a decomposition of the salt; as by parting with water it nierely loses 'ts 
crystalline form, whilst its essential ingredients, the acid and the base, re- 
main united. Water is absolutely necessary to the crystallization of most 
salts, combining with them in definite proportions. This proportion of 



5. What remark is made by Caroline respecting common salt? 

6. What is the reply to this observation? 

7. Why are some salts sapid, and others tasteless? 

8. Upon what circumstances does the solubility of a salt depend? 

9. How are salts classed as regards the influence of air upon them? 

10 What is intended by the terms efflorescent, deliquescent and permanewtf 
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water u ealled the water of cryHaMzaHon^ and whilst it is retained as 8aeh« 
It exists in the solid ibrm(ll). 

Emily, I recollect you (Called those hodies hydratesj with which water is 
so intimateljr eomhined as to exist in them as one of their essential compo- 
oents(13). . Are all crystallized salts hydrates? 

JKfrs B. By no means; for although most crystallized salts contain w»- 
ter as an essential ingredient, this is not the case with all. Those salts 
ivhich do not contain any are called anhydrous. Nitre and common salt 
are hoth anhydrou^id). In some instances, the same salt may exist in the 
crystalline form in hoth states; hut, in this case, the form of the crystal, and 
some other characters of the salt, will he changed. The common borate of 
soda is a hydrate, but there is also an anhydrouo borate of sodas the former 
is slightly efflorescent, the latter is permanent. Common crystallized sul- 
phate of lime is also a hydrate, but there are likewise crystals of anhy^* 
drous sulphate ofUme{l^), 

Caroline, I should suppose that those salts which are soluble would, in 
all instances, be dissolved in much larger portions in hot than in cold 
water, as heat itself is a powerful soWent. 

J\^rs B, You may well draw such an* inference, from the general agency 
of heat, and it is justified by the greater number of facts ; but still it is not 
a universal truth. The chlorate of soda, the phosphate of ammonia, the 
muriate of soda, or common salt of our tables, and some others, are dissolved 
in nearly the same proportions in cold as in boiling water(15]; whilst 
there are some salts that dissolve in quantities absolutely unlimited, when 
the heat is at the boiling point 

Caroline, This seems equivalent to saying that they will dissolve in no 
water at all; as a single drop of water must, in this case, be capable of dis- 
solving a thousand pounds of such a salt! 

J[Irs B, 'Such salts dissolve in their own water of crystallization^ when 
heated to the boiling point, and, of course, the quantity dissolvable is Unlimit- 
ed; as each crystal carries with it the portion of water necessary to its own 
soiution(16). 

JEhiily. In such salts the quantity of water of crystallization must, I ap« 
prebend, be very great 

Jk^s B, The solution does not depend entirely on the quantity ef water 
of crystallization, but, principally, upon the nature of the salt itself. Mere 
than half the weigfht of crystallized sulphate of soda (Glauber's salt) con* 
sists of water, its amount being 56 per cent, yet it is not soluble in its own 
water of crystallization(17]. 

Caroline. I have occasionally seen Glauber's salt thrown away, under 
-the impression that it was spoiled, because it had become a loo|e white 
powder, and I now perceive that it had merely parted with its water of crys- 
tallization. 

JUrs B, Such a salt is worth more per pound in its effloresced than in 
its crystalline state, as the weight lost is merely that of water, and if a qnan- 
tity of boiling water, just sufficient to dissolve the salt, were poured upon it 
and the solution allowed to cool, a crop of beautiful crystals would be ob- 



11. What is water of ciyatallization, and what the aetual effect of 
efflorescence on a salt? 

12. When are bodies denominated hydrates? 

IS. What is remarked of salts in this particular? 

14. What is observed respecting the two states of the same salt? 

15. Are all salts dissolved more abundantly by hot than by cold water^ 

16. What salts dissolve in unlimited quantities in hot water? 

17. Does this de^nd on the quantitv of water of erv|talliz^tioi|? 
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Uined; as boiling water will dissoWe nearly four times the quantity wfaleb 
eold water ean retain(18). 

Emily. I recollect that in our conTersation on the subject of latent heat, 
(p. 76,) there was an illustration of this fact, in the crystallizing of Glaa- 
ber's salt from its solution, but the crystals then formed appeared to be a 
mere confused mass. 

Jtfrs B. The production of beautiful well-formed crystals is a slow pro- 
cess, and it is necessary that the solution should be at perfect rest, in order 
that the particles of the salt may arrange themselves in the symmetrical way 
necessary to the perfection of the process. In the experiment to which yoa 
allude, the crystallization was almost instantaneous(19]. 

Caroline, This symmetrical arrangement called crystallization appears 
to me to be a very curious thing, and I should be much gratified to learn 
something about the process itself; I suppose I must not say about its cause? 

JIfra B. I intend presently to gratify you in this particu]ai*,-bat have not 
yet completed what I have to say respecting some other properties of salts 
and their solutions. I am about to show you an experiment with two ciys- 
tallized salts, upon the rationale of which you may exercise your ingenuity; 
it is the reverse of the chemical mracle formerly shown to you (p. 76), as 
it consists in the conversion of two solids into a fluid, by mixing them to- 
gether. I take equal portions of crystallized sulphate of soda, and muriate 
of ammonia; both, of course, in a solid and dry state. I now rub them in- 
timately together in a mortar, and you see the result. 

Emily. That is extremely curious, they are actually in a state of solu- 
tion, as much so as tliough you had poured water upon them (20). 

jiSira B. I think that by the aid of our present conversation, you will be 
able to account for this change. I will observe, however, that a double de- 
coroposition has taken place, and tliat, instead of sulphate of soda, and muriats 
of ammonia, we have produced a muriate of soda and a sulphate of ammo* 
nia, these two salts being now in a state of mixture. 

Caroline, In the decomposition of the original salts, their water of 
crystallization must have been set at liberty, and its quantity must haye becB 
sufficient to dissolve the new salts which are formed(21). 

J\Xr8 B- You have given the rationale correctly, as I was convinced yoa 
would. These double decompositions, which result from the mixture of 
two different salts, have given rise to the name oiincompatible salts, tables of 
which you will find in some of the treatises on chemistry. By incompatible 
salts are meant those which cannot exist together in solution without mu- 
tual decomposition. Such were the salts which we just' now mixed to- 
gether(22). 

Emily, The muriate of soda which is contained In the water of the 
ocean, is mixed with a great number of other salts. Nitre likewise, and in 
fact most of the salts in their crude state are contaminated by the presenes 
of others; upon what principle is their separation effected? 

Mrs B. To effect this separation the chemist takes advantage of the 
difference in the solubility of the respective salts. When these mixed salts 
have been dissolved, the water is evaporated to a certain extent, and by mere- 
ly allowing the solution to remain at rest for some days, that salt which is 
least soluble is deposited in the crystalline form. From these crystals the 
mother toater, as the solution is now called, may be poured off. This may be 
still further evaporated, and made to deposite a second crop of salt, of a kind 



18. What is remarked respecting an effloresced salt^ 

19. Upon what does regular crystallization depend^ 
SO. What two solid salts become fluid by mixture? 
21. In what way is this solution explained? 

23. When are salts said to be incompatible? 



ON SALTS. 257 

move Mluble than the former, and which was therefore retained by the vater, 
lutil its quantity wag reduced by the- second evaporation. By repeated solu-« 
tioDfi and crystallizations, in this way, the respective salts may be obtained in 
ft separate state, which, but for the difference in their solubility, must forever 
have remained mixed with each other. The refining of nitre and othet 
•alts is thus effected(2d). 

Caroline. I am aware that it would be impossible to separate the crys- 

,tal8 of different salts which were grouped together; but if there are two or 

three different salts in the same solution, and the whole of the water was to 

be evaporated, would not the particles of each salt unite to those of its owq 

luitore, and form distinct crystals? 

Mr 9 B, They would, and their different forms may frequently be seen 
in the mass of crystals. This fact is very satisfactorily exhibited where one 
of the salts is coloured, as I am prepared to show you. I have dissolved in 
the same hot water, portions of nitre, which is colourless, and of sulphate 
of copper, which is blue; this solution I have poured into a plate, and 8uf« 
fered it to eool. The salts, you see, have crystallized 8eparately(24). 

Endly. How beautiful they appear, and how distinct! They look like 
white and blue gems grouped together, and are as completely distinguished 
t»y their respective forms as by their colours. 

CaroHne. Nothing certainly could exemplify more strikingly, or more 
satisfactorily, the controlling attraction which the similar particles exert to« 
wards each other. Aided by the difference in colour, we might now 8epa« 
rate the salts from each other, almost perfectly (25). 

tMrs B» You are aware that water at a given temperature will dissolve 
only a definite portion of a salt, and that it is then saturated. It is a fact, 
however, that water saturated with one salt, may still dissolve a quantity oi 
H second, and that the dissolving of this last will enable it to combine with 
more of the former. Thus, for example, water saturated with common salt, 
will afterwards dissolve nitre, and, when it has done so, will take up an ad« 
ditional portion of the muriate of soda(26). 

Emily. That is indeed eurious; but I suppose it ean be satisfactorily ae« 
eounted for.' 

Mr 8 B, It appears to result from an attraction existing between the twe 
aalts, which, added to the attraction of the water, increases the power of 
•orabination. When the solution of common salt has, from this cause, dis* 
solved a portion of the nitre, this, in its turn, lends its attractive influence to 
the water, and enables it to increase its charge of the muriate of soda(27). 
CaroHne, But if these salts can be again separated by crystallization, the 
attraction which promoted their solution must still have been insufficient 
for their decomposition. I can very well conceive of such an attraction, 
Und think that its existence must aid in accounting for many phenomena(28). 
Mrs B. The existence of such an attraction is frequently made manifest. 
Even those salts which are incompatible may, by a very simple precaution, be 
nuixed together without decomposing each other; all that is necessary being 
dilute them with a large quantity of water. They will then remain together 
onehanged, yet the attraction of their elements must still exist, although it is 
counteracted by the water employed for their solution, in consequence, pro* 
bably, of its removing their respective particles very far from each other(29)i 



23. How may salts in aolation be separated from each other? 

54. Describe the experiment of nitre and sulphate of oopper, 

55. What fact does this experiment serve to illustrate ? 

56. What is said of a solution saturated with one salt? 

57. What explanation is given of this phenomenon? 

$8. What is remarked respecting an attraction of this kind? 
S9. When may incompatible salts exist together in solution? 
W2 
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Emily, Are there no instanees in which different salts, vhen mixed to- 
gether in solution, comhine and form one common compound salt, insepa- 
rable by crystallization? 

Mrs JB. There are some such; and the resulting combinations have been 
usually called triple aaUs; but perhaps the term double salta would give a 
more correct idea of their composition. Such salts usually consist of one 
acid united to two different bases(dO). Common alum, formerly noticed, 
(p. 179), is one of these. It is usually called the sulpluxte of aluminej but 
more properly sulphate of alundne and potcuh, as it consists of sulphuric 
acid united to both alumine and potassa. Rochelle salt, also, has a^ 
double base, consisting of potash and soda, which are united to a yegetable 
acid called tartaric €md. This salt, therefore, is properly a tartrate of 
potash and soda. These may suffice as examples of the double ealtSf which 
do not form a yery extensiTe class(31). 

We have now touched upon the most important points respecting the 
salts as a class. The greater number of them are capable of cry stall ioation, 
but this is a property which they possess in common with most of the bodies 
in nature. We are more familiar, however, with saline than with other crys- 
tals. But tell me, Caroline, what do you understand by a crystal? 

Caroline. By a crystal, I understand a body which, in becoming solid 
from its solution, assumes a certain regular symmetrical form, with flat sides 
and regular angles, appearing as though it had been formed by art(d2). 

Jtfrs B, Your definition is very good, and, I may add, unobjectionable, 
provided you employ the term solution in its broadest sense. Many articles 
crystallize which are dissolved by heat alone. Thus sevendi of the metals 
assume a crystalline form,^n being allowed to cool slowly after having been 
fused. Sulphur also, and many other substances which undergo fusba, 
exhibit the same tendency. The particles of the greater number of those 
solids which are capable of sublimation, likewise arrange themselTes in 
symmetrical forms, as they consolidate by cooling(d3), 

Emily. I have often admired the crystals in cabinets of minerals, where 
many of the native metals, and the solid insoluble earths, are seen moulded 
by nature into regular and beautiful shapes. It seemr difficult to oonceife 
how insoluble substances should assume these forms. 

JUrs B. Nature, for the perfection of her operations, has a variety of 
means, and an extent of time, at her disposal, which set at nought the laboor 
of man, during his brief existence. A substance which would require for 
its solution many thousand times its weight of water, may by us be well 
deemed insoluble; as under our control it might not, during the continu- 
ance of our lives, form a visible crystal. Art, therefore, must completely 
fail when she would essay to imitate nature in such a work(34). 

The subject of the formation of cr}'stals, by the aggregation of their eOB- 
Btituent particles, is one which is well worthy of your examination. It ii 
sufficiently extensive, however, to deserve the devotion of more time to it 
than the remainder of the present evening would admit. The salts have 
detained us longer than I had anticipated. I therefore postpone the subject 
of crystallography until to-morrow, although I had anticipated, and prepar- 
ed for, its introduction to-day. 



' 50. What are double salts, and how may they be formed? 

31. What examples are given of tbe formation of double salts? 

32. What is a crystal defined to be? 

33. Under what circumstances do some metals and other solids errs- 
tallize? ^ 

34. Why cannot we imitate some natural orystals? 
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CONVERSATION XXVI. 

' r 
ON CRYSTALLOGRAPHY. 

Jidvanta^es derived from Crystallography, Bodies in general macepHm 
hie of CrystaUizaHon, IHfferent Forma assumed by different Bodies, Pri" 
mary and Secondary Forms, Integrant Particles, or Jkfolecules^ Derivo^ 
Hon of the Rhombic Dodecahedron from the Cube, Conversion of the 
Octahedron into a Cube^ and of the Cube into an Octahedron by mechanical 
JHviaitm, Dr WoUaston^s Theory of the Formation of Crystals from spheric 
cal Particles, Exemplified in the Piling of Balls. Illustration of the Pro* 
duction of various Crystalline Forms in this -way, 

Mrs B, The erystilliBe form is Msumed by so large a number of sub- 
stances, and appears under aspects so different in different bodies, as tD 
have supplied us with a character by which we are frequently enabled to 
distinguish them from each other^ The composition of a body is thus fre- 
quently ascertained without the^labour of analysis(l). Most, mA probably 
tiie whole of the simple solids are capable of crystallization, and there is 
not any body which, either alone or in combination, does not admit of that 
arrangement of its particles which presents it to us with symmetrical and 
well defined faces and angles(2). 

The science, the object of which is to inquire into the laws which obtain in 
the formation of crystals, is called CBTSTALLOoRiiPET. It is one of conside- 
rable intricacy, and which has occupied the attention of many of the ablest 
philosophers. Without attempting to follow them in their abstruse speca- 
lations, we may adrantageously surrey the outlines of their discoveries. 

Emily. Do not the same substances always assume the same form when 
they crystallize? 

Mrs B, Every solid that is susceptible of crystallization, has a ten* 
dency to assume a particular shape. Thus, eommon salt, when most per* 
fectly crystallized, forms regular cubes; nitre has the shape of a six-sided 
prism; alum that of an octahedron; whilst carbonate of lime produces a re- 
gular rhomboid. The same subitanoe however is frequently found under a 
great variety of forms: thus we have carbonate of lime in nx-Hded prisms^ 
in three or siX'sided pyramids, and in a great number of other Bhapes(d). 

Caroline. That fact destroys all my fine theory, for I had supposed that the 
shape of the crystal depended upon that of the atoms of which it is compo- 
sed; as for example, by putting a great number of small cubes together^ we 
might easily make a cube of any imagins^Ie size. 

MrrB, It may be some satisfaction to you to be told that, whether your 
theory be true or false, the fact which I have mentioned does not, in the 
slightest degree, militate against it; as all the forms of carbonate of lime lb 
which I have alluded, may be produced by the combination of rfaomboidal 
crystals. It is a fact, also, that we can take one of these more complex cry^ 
tals, a six-sided prism for instance, and divide it, mechanically, into per- 
fect rhomboids(4). 

CaroUne, I am indeed pleased that my theory has escaped so far; it 
has already outlived several of its predecessors. 

Mr^ B. From the cause stated, the forms under which crystals appear 

1. What advantage does a knowleage of crystalline forms afford? 

8. Do bodies in genenl imdengoeipystiilliniftioB? 

8. What is said of the crystalline forms of the Mme body? 

4. What is remarked respeeting ecyitda of wriKNMtte of lime? 
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bm been dirided into primars, ■nd t m fu d aty. Bj ibe primary Jarm U 
Igtended that into vhich > er7>til laaj be reduced b]r meehKDic^ diTiiioD, 
or to whith it m»j be proTed, bf ealcuUtioD, that It ii reducible, By te- 
eondary forma are intended all tliate vfaiob r«ialc &om the variant eombi' 
■utiam of the primiiy eryiuli. The ftnt ar« bnt few in namberj tb« 
•eeoDd are verr nameroui, in coaiequenee of the many different iraya in 
-which the primitiie erratali may be piled upon each ather{5). 

Emily. Tbeie voodea modcli are inleoded, I mppaaa, to iho* the T*» 



Mn B. That ii 






.al, but ni 



r aBly, deaign, aa joit «iU 



preaenlly learn. There it tome diiTerenee of opinion reapeotiBg the aetnal 
DDinber of primitive forma, hut, moat generallj, they are BODEoed to aix, tod 
thia imuigemeDt we iball fallov(6). 

The Fi>t-r ii the parallelopipcdon, or a Epire leriDinated by tlx faeei, tb« 
oppoaite ones being all parallel to each other. Thii indudea three prioci- 
pal Tarietiei; the cube, the JiiMr-ti4td print, aai the rlumbaid {F\%. t, i, 
■nd 3), which are thoie befoce you. 



Poat-Hdtd Priim. 




Fig. S. 

CarvUtte, The aimiUrity betireen thetvo firatoftheae ia very apparent, 
■t twn cubea joined together would prodnae the fonr aided priaRi(7). 

JUn B. The aieoxs of the primitiTe forms ii the tetrahcdrBrtj -which 
ia » figure, aa joa know, with (bar tria>gnlar aide*, all the (rianglea being 
eqniluertl. (Fig. 4, fi, and S.) 



^^ mk 




Pig. s. 

• 

t. What ia the differeM»h«two«^r*wwy«rf#ec»n<faryfi>™ia^ 
q. What nnmbar of bnaa «n gewdly omNtdered UBrinWT^ 
What li the irM fand. muI wh« itre iu TWiities^ 
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TbeTBlBD it Oit ectahedron, which, ai iUninii 
eight lidei, and ia»y be considered at eansisting i 
joined together «t their bases. (Fig. 7 and 8). 

The poDBTH, the hexangular. 



■Urn, (Fig 9 and 10); of 



vhieh nitre aikd rock crjatsi may furDielk eEample>(8). 

Octaheilrtn. The tame tn outUae. Stxangular The same > 




The FIFTH, the rhombic dodecahedron, (Fig. 11 and IS); a figure with 
tveire lidei, each of which i> i rhomb. 

The aiiTH, the dodecahednm -aitli triangular facta, (Fig. 13 and ll)i 
which oomista of two six-tided pyramids, uoiled at their bBse<[9]. 

Rhombic The lamein Dodecakedrun The lame in 

Dodecahedron, outline. -mlh Iriangu- 

lar/acet. 




Fig. 1 



Fig- IS. 



Fig. 13. 



Fig. 14. 



Caroliae. It seems to me ai though some of these six forms which joa 
call primitive m»j themselves be composed, or built up, as it were, of 
others still more simplei yet the name primitive would seem to indicate 
that these were astually die most umple forms into which they ooulil be re- 
duced, either actually, or mathemilieall]f(10). ' 

•onvey. By the primitive form is meant that into which the crystal may, 
in genera], be reduced by meDhaaieal diiision, in a way to be presently ex- 
plaiued. But it ii eapal>le of mathematical proof, that all these six primk- 
tive foi-ms may be oomposeitiof three simple aolidsj the telahedron, ths 
■impleit of pyrsmidsj the triangular priim, the simplest of priiius{ and the 
^aro/Zeb/itywifan, including the cube and rhomboid, the simplest of lOllda 
with parallel faces. (Fig. IS, 16, 17)(L1), 



S. Gire a description of the second third and fonrth ipeeies. 

g. Describe the two last of these primiUve forms. 
ID. What obtoTTalion is made eonceRiing these primitive forms^ 
11. InW whM (in^fle wlids may all theae be r«dao«d' 
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Tetrakednn. 





Pig. 15. Fig. 16. Fig. 17. 

Bj dr»wlog llnei from ingle to »ngle, «n>«» the centre of thii heiingnliir 
priim, (fig. 18), it will be dividea into eijnilitersl Irimnglea. It i> pUia 
therefore Ihtt Ihii >ix-aided cryMal might itaelf be eompoBed of triangnlir 
priuna. In like rouiner > )isr*Uelopi|>edon would be produced bj joinii^ 
ti^elher, face to fice, two onlj of the trisngular prinn>(13). 

Emly. Thi> U lery Htisfielory, und teems to tcoord with the gene- 
T»l limpliBitr o( the meana by which nsture operatei. Bj what term are 
tlwae limple fonui deiignited, >o »» to dialinguUh Ihem from the primary 

Mri S. Theae h»Te been eailed inlegrant particlei, or moUmla, 
When aaingic ttom of an acidonilei lo an atom ofanj uJifiable baae, (here 
will be produtcd by their combimtion an integmnl, or individual atom of a 
•alt. Thui an atom of carbonic acid may anite to an alornof lime, and the 
ueceaairy reaultof (bis anion will be the formation of ta integrant partich, 
or (ingle atom of carbonate of lime. Now ilia plain that this integrant par- 
ticle must posaeaa aome determinate form: it may itself be a rhomboid, or 
this figure ma; be produced by the junction of two of these iategraat parti- 
cles, thus giving rise to a primary crystal of carbonate of lime. By the ac- 
Otuniilation of a large number of these, attaching Ihemielvea regularly to 
eaeb other by the atlractioa of aggregation, a visible rhomboiilal crystal 
nuat at length be produced. As a cT7stal so eompoaed is, from its nature, 
laeapable of being reduced into a more simple Bgure than the rhomboid, we 
ihonld call it the primary form, which, in the case we ha>e auppoaed, wonld 
be the aame as that of the integrant molecule(lS). 

Caroline. The atomic theory baa rendered us tolerably (iuniliar with 
the idea of particles, which greatly aids OB in (h'la attempt to trace their 
meshanieal arrangemcBt < and this subject, which I thoogbt wotild be 
rather uninteresting, is one that has already afforded me maeh aatiabs- 
tlon. I shall frequently amuse myself with tracing (he forms which theae 
tntegrsot partioiei may produce by their combination. I fear howeTer thai 
1 (hall >ot be able from either of them to eonstmct a rhamiie liodecahtdrtn. 

Mri £. Yet this may be derired from the cube, the moat familiar of 
theie Integrant loKdi. The mode in whkh this may be done, will ba 
clearly illustrated by means of this model. That integrant oabes may he 
bailt npon each other so as to form figures similar to IhemselTes, and oC 
any dimenaiont, you have already remarkeik- Now suppose these niiiHila 
oubea (o hare produced a large cubical erystatian eiamination of the model 
will show yoa how, upon tbia aa a nucleaa, other mjnnte oahei m^ be M 
piled as to fhrnish a aoIU with twelTe face*, each of wUab AmU be a 
tliambaid(li). 



12. How mighlanhexaognlar prism be redaeed into triangular priami! 

13. What la said reapeetlng Megraat poMttlf, or noteealeiF 

14. Prom what iBtegrant paitiele m^ Am rhumtie dMwcMlMfrM* ^ 
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I h>TF a number of other modeli whiuh exhibit, vithcqmil cleirneia, 
productLOD of many other seeondar; crystals; hut as mj* design ii merei 
enable jou to pursue the inquirj hereafter, 1 ahould ralber embarraai t 
Mid joa bj producing anf other thaa the rhombic dodecahedron. 

Formatien oflfie Rhembic Dedecahedron fram Integrant Cvbet, 



Fig. 19. 

Enalg. Yonr model renden the mode of formiBganeh > crystal soalew 
ms learsely to reqaire any explanation. After the enbieal mutlena i a formed, 
vilh iu liic regnlar faces, you suppose other integrant cubes to be piled 
upon e*^ of them, but receding from the edge, by standing apon the le- 
cond row of particle*, and so continuing, by inTisible atepi, until a pyt*- 
mid is formed. The model renders it quite evident diat *hen thia but been 
dok upon tva eoatignoai sides, a perfect rhombic bee will be prodaaed; 
and I plainly see that when all the aide* bare been so treated, a twelTe- 
aided solid with rliombic faces will be the reiult of the amiDgement[15). 

Mri S. Three of the bees ou tiie cube are left, to Aow the original 
nnelent; and it wilt be readily soneeiTed by you, that instead of reeedisy 
from the edges by a single row of partielea, the new layers may be placed 
two, three, or more rows back, and thus > great Tarie^ of other forms may 
be obtained, wbtch, on a carsory eiami nation, may not appear to be related 
to the one whicii we hare examined, altboagh deiiTed frook the nme 
root(lE}. It is in eonseqnence of aach arrangements, that we find in nature 
that Tiriety of orystals of the aame anbHance which eonstitales the *f- 
cmtdary fimu. These four lODde)* will still further cumpliiy the prOr 
doction of aeeondary forms. The first (fig. SO] ealiibit* b cube, the e^ht 
angnlar pomta of whieh are wanting, and are replaead by triaikgnlu £aee« 
The second (fig. «1) ihowi the effeol produced, when initead of the angular 
point!, the edges are wanting The third and fourth (Bg. S3 and 83) cz* 
amplify the same fact* in relation to the octahedron (L7). 



15. Deseribe themodeof prodncingit fromanbes. 

IS. By what arrM^ment may they prodoae other eryitllsF 

17, Howiithiaexem^ifiedbyfig. SO, 81, SSandU) 
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CaroUne, If I am not mistaken, the eobe (fig. 20) would be conyerted 
iato an octahedron, and the octahedron (fig. 22) into a cube, by continuing 
to Bliee off the anglea, which are wanting in the models. 




Fig. 90L 



Fig. 81. 



Fig. 523. 



Fig. 23. 



JHr9 JB» Ton are not mistaken, and the correctness of jonr remark mnsl 
folly convince yon how completely the primary and secondary forms may 
differ firom each other, whilst they are, in fiict, mathematically allied(18). 
A cnbic crystal of floate of lime may be readily reduced to an octahedron^ 
by catting off its angles, in the manner represented (fig. 20); and most other 
•eeondaiy crystals, may, in like manner, be made to exhibit their primitive 
fiMma. An attempt to cnt them in any other direction would &il, and if 
persisted in would produce a common fracture, instead of a smooth r^;nlaf 
•nrfiice(19). 

CaroUne, The diflferent crystalline forms which bodies assume, aeenii 
certainly, to justify the opinion that the integrant particles, or constitueat 
atoms of matter, are various in their shape, and thus give rise* to a varie^ 
of symmetrical figures in eiystallized bodies; but for this I should have 
retained the idea, which, I believe, vexy generally prevails, that they ars 
all spherical. 

Endly. And perhaps they are so; for, certainly, symmetrical figures may 
be produced by spheres, as well as by triangular prisms and rhomboids^ 
00 you not recollect how we admired. the different forms in which the balU 
were piled at the arsenal? Why may not the various forms of crystals be, 
in like manner, produced by the accumulation of round particle8(90)? 

Jllr« B. The opinion that the constituent particles of matter are eithe? 
perfect spheres or spheroids, has been sustained by one of the first philo- 
cophers of the age» Dr WoUaston, whose name has been before men- 
tioned to you. It is a &o( that some of the crystalline forms are but im- 
perfectly accounted for, upon the supposition of their being derived from 
the three integrA particles; there being secondary forms which they can- 
not produce without leaving spaces between them; that is, they cquld not 
every where touch each other by their flat 8ides(21). 

CaroUne, I am not a little pleased to find that I may return to the 
spheres in such good company. The balls at the arsenal, as Emily ob* 
serves, seem to lend a powerful support to the theory of round particles. 

Mtm B* I have some models of crystals supposed to be formed in this 
way, and which you have net yet seen. They are made simply of small 
leaden shot, cemented together by gum-w^r. The first (fig. 24) is the 
simplest mode of combining such balls, a combination in which they form 
nn equilateral triangle. 



18. To what form could fig. 20 and 22 be thus reduced? 
■ 19. What is remarked respecting a cubical crystal of floate of lime, ud 
dtfaer secondary ci-ystals? 

SO. What observations • are made respeetuig the form of intesr««t 
particles? 

21. What theory did Dr WoUaston advance respecting them? 
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Tetrahedron. PrS^'' Farallehpiped. 



Fig. ST. 
rig. !5. Fig. 36. 

If brtweeii theae, othen ire piled, the ronu of > triangolsr pjramid, or 
tetrahedron (fig. 25) will be produced. A number of the equilateral trian- 
glei (fig, S4) placed directly upon eaoh otber, lupplies n» with the trisngu- 
lar priini (fig. 36). The parailelDpiped (pg. 27) la readilj produced, aayoo 
■ee, bj the amogeinent ahowo ia thie iuodel(S2). 

Emilii. We hare qov all the inlegrant molecules, and from theae, of 
eonrse, all the pritmtrs ud iKondary formt may proceed, jurt as ia the 
former in>t*nee. 

Jliri B. In order to remoTC the diffioultj in miking up certain exiatinr 
forms by perfeot spheces, WolUstoD suppoied, at I have already Intimated, 
that the constitoent atoms of some ipeoies of matter are spheroidal, that 
ii, not perfect spheree(S3). This, like every thing relating to ultimate 
particles, is eridently hypothetioai; and if hypothesis ie eier to be admit- 
ted, it mast he in such a case, where, from onr limited power of pereep> 
tion, it is impossible that »e should arrive at absolute certaiDlj(Bl), 

Caroline. Si nee then, on suoh a subject, you do not interdict hypotheses 
altogether, 1 may be still allowed to suppose that the constituent atoms of 
matter may he spheres; that these may eombine together so as to form the 
integrant molecules ; and that the mlegrant molecules may then arrange 
themselves exactly as vas imagined in the first iustauee. 

J\Irt B. 9aoh a conjecture is not only admissible, but hag ■« moeh, at 
least, of probability on its side, as any other theoretical opinion, upon this 
subject, which has been proposed. 

Although you can now deduce all the different crystals from the accDmo- 

lation of spheres, yet as I have three other models prepared, which eihibit 

. tl%e of the primary form», yon will UDdonbtedly like to examine them. 

Hare, (fig, 38) tvb have the perfect onbej the next (Eg, S9) has the shot so 

. F-r SS- Fifr 89. Fig. 30. 

piled on each side of a square as to complete the oetihedroD; -whilat the 
third (fig. 30) gives jou the beianguiar or sii-sided prism(2S). 

Emily. lam, of course, aware that the integrant molecules of « ciyital 



S3. What are fig. Si, SS, SB and 37 intended to 
S3. What is reqoired to remove some diffioultie 

24. What renders hypothesis admissible in sucb 

25, Wliat is represented by fig. 28, 89 and 30? 
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tre too minate to beeome objects of Tision, and that wheUier parttelet be 
round or square, they may retire from each other, in steps, as it were, and 
jet present surfaces apparently unbroken(26); but is not such a structure 
sometimes rendered visible by the aggregation of larger partieles tbas 
usually go to the formation of a crystal } 

Mrs B* Such is actually the fact: these mmute steps are not onfre- 
quently exhibited on certain crystals, and I have some among my mineittls 
in which they are quite ob8ervable(27). 

We have now concluded our examination of those substances which be* 
long to the mineral kingdom. In our next conversation we shall eommenee 
with those more complex beings which belong to the animal and v^petabk 
creation, the consideration of which will complete our chemical course. 

Carokne, I had hoped, my dear Mrs B. that in some part of our con* 
rersatioAS you would have favoured us with an explanation of the nature of 
the steam engine. But I suppose that the consideration of this subieet be* 
longs rather to natural philosophy than to chemistry. 

M*9 M. It is difficult to say to which department of science we are most 
indebted for the high degree of perfection to which this machine has been 
brought within the last age. It was not introduced to you in our eonver- 
lations on natural philosophy, because without an intimate knowledge of the 
nature of steam, and particularly of the doctrine of latent heat, the operatioa 
of the steam engine can be but very imperfectly understood. But if it ii 
your wish, we will devote our next meeting to an examination of the strue- 
ture and action of this wonderful instrument 

Emily* We shall indeed be most gratified to do so, and shall welcome 
the hour which is to afford us some insight into a subject so interesting, and 
respecting which we are now completely in the dark. 



CONVERSATION XXVII. 

ON THE STEAM ENGINE. 

Steam used to produce Motion by Hero of Greece, Mr Watt^ the greateii 
improver of the Steam Engine. Admitsion of Steam aitematdif above and 
below a IHaton in a Cylinder, The Steam Pipe, Eduction Pipe', Condenoer, 
and Mr Pump, Iato Pressure Engine, Mode of setting an Engine to 
•work. Rotary produced by a Vibratory Motion. Safety Valioe, At' 
mospheric Engine, Watt's Engine. Fly Wheel, Parallel Motion. J^Oi' 
ture of the High Pressure Engine, 

MrsB, The history of the steam engine, from the first rude attempts 
to communicate motion H^y the elastic force of vapour, to the almost intel- 
lectual action of this powerful machine, as now employed, is one which, you 
may hereafter examine with much pleasure and advantage. Like the ship) 
the dock, the watch, and all other complicated machines, it has advanced 
by successive steps to the state of perfection which it has now attained. 

Man could not apply fire to the purpose of heating water without having 
his attention, in some degree, arrested by the elastic force of steam. 
It is known that among the Greeks, Hero of Alexandria caused a wheel to 
revolve by the reaction of sfeam, issuing from boiling water. The useful 
application of this agent, however, is altogether of modern origin(l). 

26. Why may a fur&oe formed of spheres appear perfectly even? 
S7, What is sometimes apparent in the structure of a crystal } 
1. What is observed respecting the invention of the steam engine? 
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Emiiy. Then its histoiy must be more perfectly known than that of the 
more aneient instraments ; and the names of those who hare luccessivelT' 
improTed it are not lost with the records of antiquity, bat are registered 
la the list of public benefactors. 

Jtirs B, Your remarks are correct Our business to day, however, will 
not be to learn the history of the steam engine, but to examine it in its 
present improved form; and should I succeed in making you acquainted with 
its structure, you will find no difficulty in understanding the various changei 
through which it had previously passed. The engine which I shall de- 
scribe is called Watt's engine, as it is to Mr Watt, of England, that we are 
indebted for its most valuable improvements. In our examination of the 
steam engine it will be necessary to recur to what you have learnt, both 
in your natural philosophy and your chemistry, respecting the nature of 
heat, and of the elastic fluids: you must particularfy observe the distinc- 
tion which subsists between the vapours and the gases. 

Caroline* We know that the vapours, by being cooled, may be con- 
verted into liquids; whilst the gases by any ordinary ^reduction of tem- 
perature will be merely diminished in bulk, still remaining in the aeriform 
8Ute(2). 

Jlfr« B. What, therefore, would be the effect of cooling a vessel which 
was filled with steam, and closed so that air could not find admissioa 
into it? 

JBmt'/y. In this case the steam would be condensed, would assume a li- 
quid form, and a vacuum would be produced within the vessel. 

Caroline, Yes, and then, if the vessel was not of considerable strength, 
it would be crushed in, by the pressure of the atmosphere, like the square 
bottles which were broken when the air they contained was exhausted by 
means of the air pump(3}. 

JUra B. The facts of the elasticity of steam, and its condensation by 
cooling, include the elements of motion in the steam engine, as improved by 
Mr Watt. This engine, unlike its predecessors, acts independently of the 
pressure of the atmosphere; as, in lieu of this pressure, Watt substituted the 
elastic force of steam, which, at the ordinary temperature of boiling water, 
is equal to that of the atmosphere, and this, you know, is about fifteen pounds 
Upon every inch of surface(4). 

Emily, The mechanical power of steam must necessarily be equal to 
that of the atmosphere; for when water boils in an open vessel, it must 
overcome the weight which is pressing upon it, and to do this, must exert 
a force equal to that by which its own power is resisted(5). 

Mrt B, With the knowledge of this law, you will find no other dlfii- 
culty in understanding the action of the steam engine, than that which ari- 
ses from the necessary complexity of its mechanical arrangements. These 
are principally intended to regulate the admission of steam into it, from the 
boiler, and the discharge of this steam after it has performed its office(6). 

I have made some diagrams, to aid us in explaining the operation of the 
engine, and you would find these drawings answer the purpose better than 
the machine itself, if we had one at our command. 

CaroUne. Undoubtedly ; for by them you will be able to show us its 
interior structure, which we could not see in the real engine. 

Mrt B. When steam is employed for the purpose of pumping water. 



8, Repeat the distinction which subsists between gases and vapours. 

S. What would be the effect of cooling a vessel containing steam? 

4. What are the leading characteristics of Mr Watt's engine? 

5. What proves the elastic force of air and steam to be equal? 



Ute 



6. What WPt Boany of the moving parts of the engine intended to rego- 
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of propelling a boat, or of driving the machinery used in manufactories, it 
is admitted from a boiler into a cylinder, in which it operates upon a piston. 
The cylinder and piston are, in form, very similar to those of the common 
air or water pump. The piston, however, is without a Talve(7). 

This drawing represents such a piston within its cylinder. It is fitted to 
the cylinder so perfectly, that when it is worked up and down, no steam 
can pass between them. The drawing also shows the manner in which the 
steam is to be admitted and discharged, in order to operate upon the 
piston. 

Steam Cylinder^ Bmler^ and Condeiucr, 

I 




I need not explain to you the design of that part which in the drawucg 
is marked A. 

Caroline, It is evidently the boiler, and the furnace for conyerting 
the water which it contains into steam. 

JIfra JB. And you perceive that a pipe, B, leads from this boiler, and 
branches off, so as to communicate with the upper part of the cylinder 
C, C, at the point D, and with the lower part at the point £. The communi- 
cation with either the upper or the lower part of the cylinder may he opened 
or closed at pleasure, by means of the keys or valves, F and 6(8). 

Emily, There is no difficulty in perceiving that when F is closed and 
G open, the steam will be admitted above the piston only; bat I should ap- 
prehend that if the piston, H, is to move up and down, and the piston rod I 
to pass freely through the top of the cylinder, the steam must escape around 
the piston rod, into the atmosphere. 

^ Mrs JB. The piston rod is made perfectly cylindrical, and is kept steam 
tight, at J, by passing through what is called a stuffing box $ that is, a 
box, or opening, staffed with tow, wool, or some other elastic substance. 
The rod is thus enabled to work freely, whilst the escape of steam ia efteet- 
ually preTented(9). 

Caroline, When the steam is admitted at D, it is of course intended 
to force the piston down; but if the power of the steam is only equal to that 



7. Within, and upon, what does the steam first operated 

8. How is the steam admitted either above or below the piston? 

9. How is the escape of steam around the piston rod prevented^ 
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of the pressure of the atmosphere, the air helow thepistou must efiectnsilly 
prevent Its deseeiit(lO). 

J^ra B* That certainly would he the case, if means had not heen de- 
vised to remove the air, and to ohtain a vacnum under the piston. If this 
ean he effected, the pressure of the steam must cause the piston to descend, 
and that with a power proportioned to its area or surface. 

Emly. Its tendency to descend must in that ease he very great indeed, 
as it will he equal to a weight of fifteen pounds upon every square inch of 
it. If the cylinder is large, this power must be enormous in amount(ll). 

^Mrs jB^ You may conceive some idea of this force, when you ar» in- 
formed, that it surpasses the weight of a column of lead three feet in height 
and of the same diameter with the cylinder, or piston, of the engine(12). 

The mode hy which a vacuum is created in the cylinder, was invented 
hy Mr Watt, and is one of the most important of his many improvements. 
You perceive that in the drawing there is a hranched tube, similar to that 
which is connected with the hoiler, hut on the opposite side of the cylinder^ 
and that it terminates in a vessel marked L. The first tube, B, is called 
the steam pipe, as it conducts the steam into the cylinder; the latter is 
named the eduction pipe, and is intended for the discharge of the steam, 
after it has acted upon the piston(13). The vessel L, into which the steam 
is conveyed hy the eduction, or discharge pipe, is called the condenser; it is 
a strong metallic hox» so enclosed that no air can enter it(l4]. 

Caroline, And I am not wise enough to tell why the steam should entex^ 
it, for, dnless a vacuum could he maintained there, the steam would he 
no more inclined to pass into it, than to remain in the cylinder; and if it did 
pass into it and become condensed there, this condenser, after a while, 
would be 611ed with water. These are difiiculties which would place all 
my skill at defiance; but the philosopher who invented this apparatus has, 
of course, provided against them (15). 

Mrs B. The small pump M, which is placed upon the condenser, re- 
moves these difficulties completely. It is kept constantly at work, and ex- 
hausts the condenser, both of air and of water; and thus produces and main- 
tains a vacuum, the necessity of which you have had the good sense to fore- 
see. This pump is technically called the mr pump- It does not differ 
from the common pump, excepting in the accuracy with which it is made(16). 

CaroUne. I wonder that I had not understanding enough to perceive the 
use of it, in the conspicuous situation which it occupies. 

Emily, Does not the heat which the steam carries with it into the con- 
denser, interfere with the condensation; or rather, I should ask, in what 
way is this interference prevented? 

Mrs B, Just as it is prevented in the common still, the worm of which 
is kept surrounded hy cold water. The condenser stands in a cistern, or 
vessel N, called the cold voter tveU, On hoard of steam hoats this weU is 
supplied hy the water of the river, and on land fi>om any convenient source. 
To render the condensation still more rapid, a stream of cold water, O, is 
allowed to run from the well into the eondenser(17). 

CaroUne, The air pump, then, must he sufficiently large to pump out 



i^*. 



10. If the piston had air on one side and steam on the other, what would 
be the result? 

11. What if steam was on one side and a vacuum on the other? 

12. To the weight of what mass of lead would this power he equal? 

13. What are the steam and eduction pipes intended to effect? 

14. What kind of vessel is that whieh is called the condenser? 

15. What is necessary to cause the steam to pass into it? 
16 What are the situation and use of the air-pump? 

17. In what way is the steam condensed in the condenser? 
X2 
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the air, the vater whioh runs in from the eold water well, and that wrhieh 
is produced hj the condensation of the steam. By what means is thia air- 
pump kept continually at work? 

Mr» B. The air pump and all the other moving parts of the engine are 
acted upon hy the engine itself, and of course some portion of iu power is 
expended in working them(18). This will he better understood by you 
after I have shown and explained to you a more perfect dra-wing of the 
whole engine. Our present sketch, however, will enable you to trace the 
action of the engine more readily tlian the complex figure necessary to du>w 
its general structure. 

Endly, You have so clearly explained the use of the condenser, that 
with a little study, we might almost venture to trace the operation of the 
engine, without further aid; but whilst we have you for a guide, we have 
not the temerity to venture alone along a path whi<Ai we have never explored. 

Mrt B. We have now advanced sufficiently far to set our engine at 
work, at least in imagination. The kind of machine which I am describ- 
ing to you, is sometimes called the double acting engine. It is so named 
because the piston is forced upwards, with the same power with which it is 
made to descend. The steam, as I have before intimated, being alternately 
admitted to, and removed from, each side of it. 

You perceive that the eduction pipe, K, may allow of a communicatioa 
between the condenser, and either end of the cylinder, accordingly as the 
Tents, or valves, at P and Q, are opened or closed. These vents we will 
hereafter simply call valves, as they actually are such in the working engine. 
Suppose now that the whole four valves, F, G, and P, Q, were opened at 
the same time, whilst the water ia A was kept boiling, what would be the 
result f 

Emily, The steam would then rush into the cylinder at both ends, and 
press equally on each side of the piston; and from the cylinder it would 
pass through both branches of the eduction pipe into the condenser. 

J^9 B. Yes; and it would pass up from the condenser through the Talves 
of the air-pump, blowing out the air before it and occupying its plaee( 19). 
This is in fact tlie first step taken when such an engine is to be set at work; 
and this operation is called blovnng through{30). After blowing through, 
that is, filling the whole interior of the engine with steam, can you tell me 
what would be the consequence of closing the valves F and Q^ 

Caroline, Allow me to consider a moment. The steam would continue 
to enter through the valve G, into the upper part of the cylinder, where it 
would be confined by the closing of the valve Q. I suppose, too, that the 
Talve P being open, and the valve F shut, the steam would rush from under 
the piston, into the condenser, where it would be converted into water; this 
would necessarily produce a vacuum under the cylinder, and the piston 
would be forced down(21). 

Jtira B, Perfectly well explained. After understanding how the piston 
and Us rod are forced down, you will find little difficulty in perceiving how 
they may be elevated by the same means, and with a power equal to that of 
their descent. Only suppose the valves F and Q to be opened, and P and G 
to be dosed; and you perceive that the steam would then be admitted under 
the piston, whilst that which had forced it down would rush through the 
Talve Q, intu the condenser, and cause a vacuum to be instantly formed above 
the piston. Thus situated, it would be carried to the top of the cylinder 
by the elasticity of the steam, and when there, if the open valves are again 



18. What is said of the means of giving motion to the air-pump? 

19. What would be the effect of opening all the valves? 
SO. What is this operation denominated? 

"^l. Explain the steps necessary to set the engine in motion? 
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dosed, and the closed Talres opened, it will again descend with eqnnl 
power(22). 

Emily. I bad entertained the idea that the operation of the engine was 
in some way connected with the pressure of the atmosphere, but I nowper» 
oeiye that the effect of this pressure must always be to retard its action, and 
tiiat it would actually stop, if more air entered than the air pump could 
exhaust(83). 

Caroline. The passing of the piston up and down I now perfectly under* 
stand, but still I do not perceive how this is to propel boats, drive carriages, 
pump water, and turn almost all kinds, of machinery. I thought that the 
force of the steam effected all this; but we seem to have destroyed the 
steam in the very act of moving the piston and its rod up and down. 

Mrs B. And to produce this motion of the piston is all that is required 
of it If you will supply the machinist with powerftil motion of any kind, 
he well knows how to give to it such a direction as shall serve all his pur- 
poses. Do you not perceive that if the piston rod was attached to the end 
of the handle of a pump it would cause it to vibrate, as a man does, when he 
uses it for the purpose of raising water? If a rotary motion is required, it 
can be obtained from the vibration of the piston rod, just as the wheel for 
spinning flax is made to revolve through the medium of a crank, by merely 
raising and lowering the foot(24). 

Endly, I confess that I also was impressed with an idea that the foi«e 
of steam was applied in some way more direct than that which you have de- 
scribed. I now perceive,- however, that it is merely a substitute for the 
power of men or horses, and that it acts, as they generally do, through the 
intermedium of levers and wheels. 

Caroline. The part marked R, which, I believe, is called the safety 
valve, you have not described. I have always conceived this to be one of 
the most important appendages to the steam engine. 



Safety Valve, 




Mr$ B. And so it is, as its name indicates. With the nature of valves, 
generally, you are acquainted, and know that they are of different forms. 
The safety valve is in form similar to the stopper of a decanter, but more 
conical. This is a separate drawing of it, in which A shows the upper 
part of the boiler, and B the valve. You will perceive from the drawing 
that if the steam within the boiler A becomes very elastic, it will press 
upon the lower end of the valve B, and if the weight C, which tends to 
keep it down, is not too great, it will be raised, and the steam escape, 
without endangering the boi]er(35). 

Emily. In the low pressure engine, the weight, I suppose, is equal to 
fifteen pounds upon each square inch of the lower end of the valve, so 
that its foree may amount to the same as that of the atmosphere. 



82. By what means is the piston made to ascend? 

Sd. Wbat effect would the admission of air produee? 

524. How does the engine operate in moving other maohinery? 

85. Deseribe the straetore and operation of the safety valve. 
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Mt9 B» Bj no means. The atmosphere itself has this foree, and aa 
additional ureight of fifteen pounds upon everj inch would resist Uie pres- 
tore of the steam until it hecame equal to that of two atmospheres. The 
weight upon each square inch of Uie valye should not exceed three cv 
foiir pounds; hut this amount is necessary in order to give to the steam a de- 
gree of elasticity sufficient to hlow out against the atmosphere, with such 
a force as completely to counteract its tendency to pass into the eng^ne(26.) 

Emily. Was there not a machine called the Atmospheric Engine which 
was in use before the improvements made by Mr Watt? 

Jlfrff JB. Yes: and it was a desire to improve the operation of this en- 
gine, that led Mr. Watt to the adoption of those devices by which he has 
furnished us with a power so efficient and so manageable. The jSttmospkerie 
Engine was invented, in England, about the commencement of the last cen- 
tury by Newcomen. He used a cylinder and a piston, but the whole mo- 
tive power of his machine was derived from the pressure of the atmoa* 
phere(27). 

Caroline, Then I think it could not with much propriety be called a 
steam engine. 

Jtfrt B, It was as truly a * steam engine as those now in use. Steam was 
employed in it to create a vacuum, without which the pressure of the at- 
mosphere could not have been rendered efficient. In Newcomen's engine 
tliere was a boiler, and a steam pipe leading from it into the lower part of 
a oylmder, somewhat in the manner of the lower pipe E, in our first draw- 
ing. The upper part of the cylinder was not closed, but the air was fireely 
admitted to press upon the surface of the piston(28). On turning again to 
the drawing, you may suppose the piston H to be at the bottom of the cy- 
linder C, C, and to fit it air tight; can you tell me what force, besides the 
weight of the piston itself, would be required to raise it in the cylinder, 
provided neither air or steam were admitted below it? 

Emily, In that case the whole weight of the atmosphere must he lifted, 
as there would be a vacuum beneath the piston. The power, therefore^ must 
be proportioned to the diameter, or area, of the piston(29). 

Mrs B* But were we to admit steam under the piston, from the boiler 
A, would this difficulty exist? 

Emily. Certainly not; because the steam, by its elasticity, would be a 
eounterpoise to the weight of the atmosphere. The piston might tiien be 
readily raised to the top, as the cylinder would be filled with steam(30). 

Caroline. Yes, and if this steam was then condensed, there would be a 
vacuum, into which the piston would be forced by the weight of the air. 

M's B. By applying cold water to the cylinder, the steam within it would 
he condensed; and this was done in Newcomen's engine at every stroke of 
the piston(dl). This instrument, although very useful, was also very defec- 
tive; but as my whole design was to give you some idea of the way in which the 
pressure of the atmosphere was employed in it, I shall not at present take 
any further notice either of its merits or its defects. 

Caroline, Some of the latter, at least, are very apparent. It must have 
wasted a great deal of steam in heating the cylinder at every stroke, and 
its power was exerted in one direction only(d2). 



26. To what should the load upon the safety valve amount? 
27: By whom, and at what period was the atmotpHeric engine invented? 
t28. What was the construction of the cylinder, and where was the steam 
admitted? 

29. By what power would the raising of such a piston be opposed ? 
SO. How would the admission of steam obviate this difficulty? 
Si. How was the pressure of the atmosphere made to operate? 
S2. What two defects are mentionedi at belonging to this engtno? 
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JIfrf B. . You are now prepared to examine my drawing of a steam en- 
g;ine, with most of the working parts attached to it. You will find that 
Some of them are arranged differently from those in our first sketch, as this 
larger drawing is a more perfect representation of the actual form of the 
engine as applied to use. But still you must not expect to find it an exact 
likeness of any one which you have seen. To every tube and vaWe I hare 
assigned such a position as I thought would enable you most readily to un- 
derstand it On board of steam boats, and in manufactories, the parts are 
crowded together, and distorted in various ways, for the purpose of sav- 
iog room, or of obtaining other advantages(3d). 

CaroUne, Yooc first drawing has made the manner in which the steam 
operates so plain, that we cannot find any difficulty in following you in your 
further developments of this beautiful maehineiy. 

Jkfra JS. You will, at the first glanss, perceive the re8einl>lanee between 
this more full drawing (fig. 3) and the former, so far as the structure of the 
cylinder, and the operation of the steam are concerned. To all of its cor- 
responding parts I have affixed the same letters. You will, therefore, rea- 
dily trace their connexion. 

Emily, The form itself is but little altered, but I perceive that at G> F, 
and P, Q, you have placed valves for Che admission aod discharge of the 
steam; and that they appear to be similar in shape to the safety valve upon 
the boiler. 

J^ra B, They are of the same kind, and are called puppet valves. The 
casing which surrounds each of them is called a steam box. They are 
opened and closed by means of a small rod passing through a stuffing box, 
like that surrounding the piston rod. Yoa perceive the loops upon the tops 
of each of these rods; by these they are raised and lowered. This is effect* 
ed, at the moment required, by apparatus worked by the engine itself{d4]. 

Emily. The* part S, which I know is called the lever or beam, is made 
to vibrate by means of the piston rod, the upper end of which is attached to 
it. What is the particular end answered by this large lever.^ 

Jlfr« JS. The intention of this lever is to eommunicate the motion gene- 
rated in the cylinder, to any machinery which is to be operated upon. Thus 
if it is designed to raise water from a well or from a mine, a piston rod, T^ 
may be attached to the opposite end of the lever, and made to work a pump 
below it. I have not drawn the pump, as you are well aequainted with its 
structure, and I have avoided multiplying pacts umiecesBarily(d5). 

Caroline. In this case the lever becomes the pump handle and the en- 
gine the power which works it. This removes all the mystery about apply- 
ing steam to the raising of water. 

Mrs B. When a rotary motion is required, as in the paddle wheels of 
steam boats, and in mills of most kinds, it is obtained from that of the^jf 
Vfkeel y : this is caused to revolve by the action of the rod W, which acts 
upon the crank X. A wheel, of this description, or something which an- 
swers a similar purpose, is attached to all steam engines, and to many 
other machines, in order to regulate their motion. In lai^ engines, the 
fly wheel may weigh several tons, and this great weight is absolutely ne- 
cessary to their steady and uniform action(36). 

EmiUf. But does not this waste a considerable part of the power of the 
engine? It must require no little force to move so heavy a wheel. 



33. What is said respecting the drawing and the actual engine? 

34. What is said of the valves in the steam and eduction pipes? 
SS, What is the purpose answered by the lever-'beam? 

36. What is remarked respecting a rotary motion tjidjly wheel? 
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DESCRIPTION 

Of 

* 
WATT'S LOW PRESSURE STEAM ENGINE. 

A. The BoiLZB, the dark part representing steam. 

B. The STXAK or iimucTioir pux, conducting steam into the ejlinder. 

C. The CTutirraR, communicating with the hoiler hotli abote and beloir. 
D« The branch of the steam pipe opening into the upper end of the cylinder. 

E. The branch opening into the lower end. * 

F. The loweh steam yalye, represented as opes. 

G. The UPPE& STEAM TALYX, represented as dosed. 

H. The pisToir, which is operated upon by the steam on each side alter- 
nately, causing the motion of the piston rod and the lerer beam. 

L The pisToir bod, attached to the piston, and to the beam. 

J. The STUFFiire box, through which the piston rod works steam tight. 

K. The EDucTioB, or dischabqe pips, by which the steam is couYeyed into 
the condenser, after it has performed its office in the cylinder. 

L. The coKDEHSXB, surrounded by the cold water well. 

M. The AiB PUMP, to keep the condenser exhausted of air and water. 

K. The COLD WATXB wxiXy which must be constantly supplied with fresh 
water. 

O. A stream of water, running from the well into the condenser. 

P. The LOWBB YALYB OP THE EDUCTioiT PIPE, represented as closed. 

Q. The UPPER EDUCTiov YALYS, represented as open. 

B. The SAFETY YALYE, with its lever and weight 

8. The xxYER BEAM, caused to vibrate by the piston rod. 

T A PUMP BOD, which may he attached to a pump for raising water from a 
well or mine. 

V. The PLT WHEEL, which serves to equalize and regulate the motion. 

W. The CBAITK BOD, or shackle BAB, serving to give motion to the fly wheeL 

X. The CBABK, acted upon by the rod and lever beam. 

Y. Cocks to asoeftain the height of the water in the boiler. 

Z Z. Jointed levers which form the pabalxsl xoxioir. 



1 
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S76 C0NVERSATI0K3 ON CHEMlSTaT. 

Afn B. The !□■> of power is but trifling, *moQntiDg to litde moi-e thu 
the friotioa of the tulej fgr the wheel, bj it) momeDtum, giTe> Wok agkiu the 
power which it reoeiyei, whilit it pretenli that jerking from the Tibratioa 
of the piston lad the beam, which would otherwise soon destroj' the engme. 

Caroline. The piston rod», both of the cylinder and of the Aic-ptiDip, 
mre attached to jointed leteri, and through them to the beam. I have heard 
these jointed leTen called the parsUel motion; will you be good CDoagh to 
describe to ni their nature and uie.> 

Mrt B. This^araiZe2iRot>snwasamo9thappyeoatrivanoeof Mr WatL 
You perceive that as the piitoo rodi pass through a atuffiogboi inthecapi 
of the cyliniler, they require to be earriedup and down vertically. The end 
of the lever vibratea in a curre, and would therefore give to the piston rodi 
a rocking niotion, which mutt bend or break them: this the parallel molion 
preveDl»(37). I have made a aketch which will «Tye to (how you iLeprlif 
ciple upoa whkli it acts — here itia. 

Tkt FaraM Motion. 



la this drawing. Ail one end of the leTer of the engine, which is connect- 
ed to a second lever B, by means of a jointed piece C, to the middle of whidi 
jointed piece the piston rod is aUached. i 

Emiltj. That it very aimple andbeautiiuL I seeplainlj how it operatca I 
Ai the main lever A draws one end of the connecting Joint C in ibe curve EF, \ 
the lever B, which it attached to the building at G, draws the opposite end 
of it in the reverse curve H I, the consequence of which ia, that the middle | 
of the piece C, to which the piston rod is attached, passes up and downina 

Mrt B. There are aereral other equally iugenioas appendages to (lie | 
steam engine. One of these is called agimemor, as it is inlended to govera ' 
the velocity of the engine's motion. When (he en^ne begios to move im 
rapidly, the governor sots upon a valve which lessens the apertare by which ' 
the steam is admitted, and this diminiBhea the cause of raotion(39). 

Levers, which are raised up and depressed by what is called an eceenti-i(, 
which is affixed to the shaft of the Sy wheel, are now employed to opeuaod | 
close the valves in the steam and the eduction pipes. I cannot, howerer, 
explain all these to yoa at present, as it would detain ni too long from oar 
chemiBlri(40]. 

Caroline. Yoa hare explained enough to interest us very highly io the I 
subject; and if, without too much sacrifice of time, jou could inform ai ia 

ST. For what purpose is the ^roltei molion used? I 

58. Describe the structure and operation of this part of the engiaef 

39. What is the design of the part called agovemoT? \ 

40, What ii said of the opeDiDg and closing of the valveif 
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irhnl the high preBinre engine dilferi from that vhich 70a h«Te described, 
it wonld gratify u» very mueb. 

Mri B. I will do bo vith pleaenre; it ii a point, indeed, vhieh must Dot 
be altogether omitteil, althangti 1 can give you bat > mere oalline. 

Yoa are aware that when water ii confined in a eloBB ve»ael, its tempera- 
tnre may be increased abore the ordinary boiling point, uid ibat the force 
of ill Tapoar will be proportionably increaaed. 

Caroline. That we understand very well, and know that it may be so 
heated tbat scarcely any vessel, however stroog, can resist its farce(4I). 

JWrs S. Suppose that in Mr Watt's engine you were to omit the eold 
vater veil, the condenser, and the air pump; what then would become of 
the Bteam, when either of the valves V or Q was opened? 

Endly. In that case the steam vonid blow dif into the atmosphere at 
every stroke of the engine. But so situated I do not lee how the engine 
could continue to work, because the atmoBphere would be admitted into the 
cylinder, and eouDtcraot the pressure of the steam 00 the opposite side of 
the piB.on(«). 

Mra B. But if the boiler was made sufficiently strong, and the water so 

■ highly healed that its vapour operated witli a power equ^ to that of five at- 
mospheres, or sevenlf-Eve pounds upon the square inch, what would then 

Emily. In that eaaeihe eicess of the pressure of Ilhtitration of the Lot* 

the steam over that of the air would he siily pounds "" ~ 

upon every Bquare inch, and the engine would work 

with great power, and certainly it might then be 

made much smaller than the low presinre engioe, 

and yet have equal power[43). 

Caroline. But still there would be the loss of a 

whole atmosphere which the condenser and air pump . 

would save. 

Jii-s B. The air pump, you must recollect, not 

only saces, but alio expends power, as it requires 

considerable forte to work it; wbiUt it alio renders 

the engine much more complei and expensive. The 
i engines used upon rail roads are all of the high 
' pressure kind, as they could not carry with them a 

■ supply of cold water to condense their steam; and 
i they usually work with a pressure aa great as that 

of which I have spoken(44). 
I I have here an instrument by which you can see 
the effects of elastic steam in overcoming the pres- 
sure of two atmoBplieres, It is not safe to carry the 
experiment beyond this, as the vessel which I use 

■ isofglsBS. 

Caroline. I should have apprehended BOine dan- 
ger of bursting it even with the power of whioh 
you speak. ^ 

_ Mri B. 1 have repeatedly tried it, without ac- 
cident, and do not doubt its oapaci^ to raise a still 
greater weight, 
I The glass tube, or cylinder. A, ha) an area of about 

*1. What is the effect of confining water, and heating it highly > 
,, *!. What would be the effect of removing the condenser? 

43. Suppose the steam to be equal in its pressure to five atmoaphlret, 
with what power would it act in the high pressure engine? 
ii For what purpose are these sngiaei peoaliarly adaptcdf 
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an Inch. A piston fits closely in it, and the bottom part,B, it made gloh« 
lar, and contains water. On the top of the piston I hare placed a vei^t,C, 
of fifteen pounds, which added to that of the air will exact a poorer of thirty 
pounds in order to raise the piston. 

I will now place the bulb over the ehailing dish of coals, and allov it to 
remain until jou see the weight forced up by the steam(45). 

Caroline. Will it be necessary to double the temperature of the ?«te 
in order to double the elasticity of the steam? 

Mrs J?. By no means; it only requires an elevation of temperatore of be- 
tween thirty and forty degrees to double the elasticity of the vapour froa 
boiling water. The elasticity will be again doubled by a similar iwrcjse 
of temperature, and will be equal to four atmospheres before it arriyes at 
800»{46). 

JBmtVy. See, Caroline, the piston is now rising with the hesTy veigjt 
upon it That is a very satisfactory experiment; and the more remarkiblc 
M being performed in so fragile a vessel as one of glass. ; 

Mrs JB, It is now time to adjourn for the evening; and you most a« , 
permit your thoughts upon steam to drive from your recollection thatfwn 
we next meet, our subject is to be organic chemistry. 



* CONVERSATION XXVffl. 

ON ORGANIZED BODIES, AND VEGETABLE CHEJOSTBT. 

Organs ofAmmdU'and Vegetables, Composition of Organic ^^«^«'«"2 
Chemical Affinity controlled by VitdHty. DestrucUve -D"*'^^!J. 
Spontaneous Decomposition, Proximate and JRemote Principle'^ n 
table Principles divided into three classes. Ust of some of them. rF 
table Acids,— OxaUcy Tartaric, Citric, Benzoic, GalUc, &c. J'«'"J*! 
rf Ink. Vegetable Alkalies^ Morphia and JSTarcoHne; Quim ana^ 
chorda. Oils, Fixed, Drying, Volatile or Essential ^^^P^^^' jf-^^^ I 
Varnishes. Amber. Caoutchouc or Gum^elastic. Wax* Jf* \ 
J^aphtha. Petroleum, Mineral Tar. Pitcoal. Anthracite. Coke- 

Mrs B. We have hitherto treated only of the simplest co»^|"*^ jjjf 
elementary substances, such as alkalies, earths, acids, salts, *®'' ^j^^ 
which belong to the mineral kingdom. It is time now to turn our ^ ^^^ 
to a more complicated class of compounds, that of oboaki'^^'^ 
-which will furnish us with a new source of instruction and amuseme ^ 

Emily. By organized bodies, I suppose you mean the "^^^^ ^^.^^ 
mal creation. 1 have, however, but a very vague idea of the ^^^ J^ 
ization, and I have often wished to know more precisely what it me ^. 

Mrs B. Organized bodies are such as are endowed by nature V^^^f^i 
ous parts, peculiarly constructed, and adapted to perform certam t ^^ 
eonnected with life. Mineral compounds are formed by the simp ^^^ 
of mechanical or chemical attraction, and may appear to be, in *°"*^ "^uiking 
Uie productions of chance; but organized bodies bear the ""^^ igpos- 
and impressive marks of design, and are eminently distinguisl^^^ <>J .^^ ^ 
session of that unknown principle called Ufe; a principle from 'T* /j], 
various organs derive the power of exercising their respective fun*" 

45. Describe the experiment showing the elastic force of steam* ^ 

46. What elevation of temperature doubles the elasticity of steam ^ 
1. What an organs, and how are organized bodiet diatiDpii"^^ 
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Caroline. But in Tvhat manner does life enable these oi^ns to perform 
their seyeral functions^ 

Jfra JS. That is a mystery which, it is most probable, the Creator nerer 
intended that we should be able to unfold. We must, therefore, content 
ourselves with examining the effects of this principle: as respects the cause, 
-we hare been able only to give it a name, without attaching any other mean- 
ing to it, than the yague and unsatisfactory idea of an unknown agent(2]. j 

Caroline. And yet I think I can form a very correct idea of life. . jj 

J\ir8 JB. Pray let me hear how you would define it. ^ 

Caroline, It is, perhaps, more easy to conceive than to express tho 
idea: — ^let me consider — ^Is not life the power which enables both the animal 
and vegetable creation to perform the various functions which nature has 
assigned to them? 

J^rs B, I have nothing to object to your definition; but you will allow 
me to observe, that you have only mentioned the effects which the unknown 
cause produces, without giving us any notion of the cause itself. 

Emily. Yes, Caroline, you have told us what life doet^ but 'you have not 
told us what it »>. > 

Mro B. We may study its operations; but we should puzzle ourselves 
to no purpose by attempting to form an idea of its real natiu*e. 

The organized bodies, which constitute the animal and vegetable king- 
doms, contain a vast number of different compounds, which are nearly all 
produced by the union of the same elementary principles. Vegetables con- 
sist essentially of cqrbon^ hydrogen and oxygen; and the same substances, 
with the addition of nitrogen^ are the principal constituents of the most im- 
portant compounds found in the animal creation(3}. 

Caroline, But these are not the only substances existing in these bodies^ 
as lime and potash and phosphorus have all been mentioned as procured 
from them. 

Mbra B, To your list you might also add sulphur, iron, silex, and other 
substances contained in the soil, from which all organized beings primarily 
derive their nourishment. But although these are essential to certain parts 
of particular vegetables and animals, animalization and vegetation may, to a 
certain extent, exist without them(4). 

The organs with which organized beings are endowed, select and arrange 
those constituent principles, and form them into the different kinds of juices 
and solids which constitute vegetable and animal substances, in all their 
varieties(5). 

Emily, And are not these combinations always regulated by the laws of 
chemical attraction? 

J^ra B, The organs of animals and of plants cannot, certainly, force 
principles to combine which have no attraction for each other; but yet they 
control the combinations which take place, by bringing these principles 
into contact in such proportions as will, by their chemical combination, 
form the various organic products, instead of uniting according to those 
laws of simple affinity which they would obey, if uninfluenced by these 
organs of vitality (6 )• 

Caroline, We may then consider each of these organs as a curiously 
constructed apparatus, adapted to the performance of a particular chemical 
process. 



S. Are we in any degree acquainted with ^b^ principle ofUfe? 

3. What are the principal constituents of vegetable and annnal sub- 
stances? 

4. What other materials do some of them contain? 

5. What particular office do the living organs perform? 

€. How &r are the secretions under the influence of chemical affinity^ 
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Mrt B. Exaetlj lo. As long as the organized being litres and tfacmti 
its eonstitaents are presented to each other in such a way, that they are nat 
saseeptible of entering into other combinations; bat no sooner does dei^ 
take place, than this controlling power is destroyed, and new combinatioM 
are produced. 

Enuhf, But why should death destroy the combinations which have beea 
actually formed; the principles must remain in the same proportions, and 
consequently, I should soppose, in the same order of attractions ^ 

Mrt B» You must remember, that both in the yegetable and animsl 
kingdom, it is by the principle of Ufe that the organs are enabled to act 
"When deprived of that agent, or stimulus, their power ceases, and an order 
of attractions succeeds, similar to that which would take place in miners], 
or unorganized matter(7). 

Emily. It is this new order of attractions, then, that destroys the orgaai* 
>' cation after death; for if .*he same combinations still continued to preTaO, 

f there would be no spontaneous decay, or putrefaction, but the being would 

always remain in the form possessed by it when it died. I 

J^r^ J9. And that, you know, is never the case; for although by dryings 
or other processes, it may be partially preserved for some time after 
death, yet, in the natural course af events, all bodies return to the state of 
simple elements, or form binary combinations, such as water, earboois 
acid, carburetted hydrogen, &c. In this we see an admirable dispensation of 
Providence, by which those beings that have ceased to live, are rendered fit 
to enrich the soil, and become subservient to the nourishment of others(8). 

Caroline. Tou have exhibited to us one of the compounds resnltia; < 
from the exertion of those affinities which produce the spontaneous decoia- ' 
position of a plant: I allude to the carburetted hydrogen, collected from the 
vegetable deposite at the bottom of a pond. 

JIfrs B. The prevailing tendency of the carbon and hydrogen which 
every plant contains, is to combine with so much oxygen as shall convert 
them into carbonic acid and water. These form a part of the new wa^ 
pounds evolved, in whatever way the decomposition of a vegetable may be 
effected. But in most vegetable principles, the quantity of oxygen cob- , 
tained is insufficient to saturate the hydrogen and carbon, and these latter 
principles, therefore, unite together, and produce the carburetted hy* i 
drogen(9). ' 

Emily, I should suppose that vegetable substances would be incomb«s> 
tible, if the oxygen contained in them were sufficient to saturate their hy- 
drogen and carbon; as in this case they would have no tendency to combine 
with the oxygen of the atmosphere(lO). 

Mrs B. Your conclusion is undoubtedly correct. When vegetables are 
burnt in the presence of oxygen, water and carbonic acid are almost tk 
exclusive products; but when heated to redness in close vessels, the whole 
quantity of oxygen which they contain is, in many cases, employed in satn- 
rating a small part only of their hydrogen. It is in consequence of this eir- 
eumstance that certain vegetable products, such as tar, rosm, and bituminoat 
coal, are sometimes used at the gas works, for the production of the car- 
buretted hydrogen with which some of Our large cities areilluminated(ll). 
Emily, The odour given out in the burning of animal substances dkikn 
Terj much from that of vegetables; this difference must result from the pre- 



7. What occurs in these compounds when life ceases? 

8. What useful purpose is accomplished by their disorganization? 

9. What is the prevailing tendency of the constituents of vegetablei^ 
and what the actual products of their decomposition? 

10. What would result if vegetables contained a large portion of oxyvea? 
II* What is the result when they are heated in close vessels? 
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senee of nitrogen, and the consequent prodaction of principles not evolred 
from Tegetables. 

Mt9 B. Certainlj: this additional agent gplves rise to new affinities, and 
«f course, to the formation of new products; among which will be found 
both ammonia and cyanogen. There are a few Tegetable substances which 
also contain nitrogen; and these maj, in general, be distinguished by their 
j^roducing, during their combustion, an odout* similar to that given out b/ 
animal matter. 

CaroUne, This fourth constituent of animal matter may probbbly ac- 
count for its greater tendency to decomposition; as when life is extinguished, 
the affinities, which are left free to operate, are more numerous than those 
whitsh produce the disorganization of yegetables(18). 

Jl^8 JB, From what has been already remarked, you may perceive that 
the products of vegetation, and of animalization, ate characterized by the 
following circumstances:— >lst, by being composed essentially of the same 
elements;— 2d, by the facility with which they undergo spontaneous decom* 
position; — dd, by the impracticability of forming them by chemical means; 
sad 4th, by being decomposed at a red heat(19). 

Endly, There must, undoubtedly, be a considerable difference between 
&e products of decomposition when it takes place spontaneously, and when 
it is effected at the temperature of ignition. 

Mrt B, It is very great; but even at the temperature of ignition, the pre- 
sence or the absence of atmospheric air essentially influences the result(l4). 
When organized substances are decomposed at a red heat iii^ close vessels, 
the process is called destructive distillation. In this case, a large quantity 
of charcoal usually remains in the retort, which, had atmospheric air been 
present, would have been converted into carbonic acid. The volatile pro- 
ducts, also, which esc^e, are not products of combustion. The formation of 
carburetted hydrogen, just now noticed, may serve to exemplify this fact. 

Caroline, Certainly; for had air been present, the carburetted hydrogen 
would have combined with oxygen, and been converted into carbonic acid 
md water(t5). 

Mrs B, Air acts an important part also in the slow decomposition of 

organic matter; but its influence at common temperatures, and at that of ig* 

i nition, must necessarily vary greatly. Under circumstances so different, the 

principles concerned will combine in proportions very dissimilar; and the ex* 

tent to which the decomposition will be carried, must be equally varied(16). 

Emily, The subject of organic chemistry y as it relates both to vegeta- 
bles and to animals, seems very naturally to divide itself into two parts. I 
suppose you will call oiur attention to these separately. 

Mfs B. Tes; and we shall first consider what is denominated txoeta* 
Bxx CHXMiSTST: from th>8 department you will acquire a knowledge of the 
Tarious principles obtained by the decomposition of plants(17}. 

CaroUne. Such substances must be capable of undergoing two kinds of 
decomposition very different from each other. If, for example, we decom- 
pose a vegetable perfectly, we shall obtain from it nothing but oxygen, hy- 
drogen, and carbon; and every kind of vegetable would 3rield exactly the 
same materials. But vegetables contain oils, and acids, and sugar, and gum, 
and juices of various kinds; the decomposition by which these are separated 



12. What is the effect of the nitrogen upon those substances which con- 
tain it.^ 

13. What are the characteristics of the products of organization? 

14. What is said of their decomposition at high temperatures? 

15. What is destructive distillation, and what is said respecting it? 

16. What is observed respecting the influence of the atmosphere? 

17. What is intended by vegeUble chemistry? 

Y2 
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from eseh others nmst be esaentblly diffineat from the finmer kind of de- 
eompoiition; u tlie lobstaiiees obtained are themselTes idll ei^oble of b^ 
iB|^ separated into ofbenmore limple. 

J||f*« 3. Tour ideas upon this point are jndicioos and eorreet. A ^re» 
getable maj be analyzed for tbe purpose of diseoTering vhat are the diftr- 
eat eompoands tbat hare been formed in it during the period of its grovlii| 
and upon the ehemical ehara^er of wbich its particolar properties depend; 
and eadi of these principles may in its torn be analyzed in order to aseer- 
taln the proportionate qoantities of oxygen, hydrogen, and earbon. of whicb 
they respeetirely eonsi8t(18). 

Those distinet eompooiids whieh exist ready formed in a plant, are esfi- 
ed its PKOXiHATX, or ekkbmatx pmorciPLXS. Thus MUg-arf starchy aid 
gvm are proximate prindfolesj and these we obtain by proximate analgm. 
When we decompose them, to aseertain how mnch they contain of each 
of the simple bodies, the operation is called ultimate <ma/^«i«(19). Tbia^ 
howerer, is a process of great delicacy, as in attempting to obtain the 
proximate principles, we are in danger of decomposing them by the agents 
we employ; and in reducing them into their idtimate principles, the pr^ 
senee of air or of moisture may supply us with a portion of oxygen or of 
hydrogen, and thus lead us to a wrong estimate of the quantity of these 
substances contained in the article under examination(20). 

Emily. The sap of plants, is, I suppose, one of their proximate princi- 
ples, and as this can be obtained without using heat, or any other agent csl- 
cttlated to decompose it, there can be but little difficulty in ascertaining its 
properties. 

jifra J3. The sap contained in regetables is not to be considered as s 
single proximate principle, but as a very complex mixture of several of them 
in solution, togeUier with the ingredients which the roots hare sucked up 
from the soil, and from whieh the various organs of *the plant secrete sad 
appropriate those materials which are necessary to its nourishment, and to 
the formation of the stem, the leaves, the fruit, and all the other parts(21). 

Caroline. In the ultimate analysis of plants I suppose that tbe sour jni- 
ces of fruits, and other acid parts, are found to contain more oxygen this j 
those which are either sweet, or bitter; as, from the composition of plants I 
oxygen must necessarily be their acidifying principle. 

JIfra JB. Such is the fact; and those parts which are the most eminently 
combustible, as the resins and oils, for example, abound more in hydrogea 
and carbon. Wc are indebted to those distinguished French chemists Gay- 
Lussao and Thenard, for some valuable researches upon this subject. From 
the ultimate analysis of a great number of vegetable compounds, these phi- 
losophers were led to divide the proximate principles of plants into three 
classes, depending upon the proportionate quantity of oxygen and hydrogea 
contained in each(22]. Those ingredients may exist in such compounds, ia 
the same proportions in which they do in water, or there may be an excess 
of either of them. The Jirat class embraces those substances in which there 
is more than a sufficient quantity of oxygen to convert all the hydrogen into 
irater : to this belong the vegetable acids. The second class contains those in 
which there is more hydrogen than is sufficient to combine with the oxygen 
in the production of water: these principles are o%, resinous^ or alcohoUc* 
In the third class, the oxygen and hydrogen are in those exact proportions 



18. To what two kinds of analysis may such substances be subjected? 

19. What are ealled ihe proximate^ and what the tdtimate principies? 

50. Why is the analysis of plants an operation of great delicacy? 

51. IVhy is not the sap accounted a proximate principle? 

29, Upon what is the olassifieation of proximate principles founded? 
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i^eh fiona water: these are neither acid nor resinous. Su^aVf gum, starchy . 

with many others, are of this eia8s(2d). 

Caroline. That is a very satisfactory arrangement, as it giTes to ns some 

ide»H>f the composition of a body from its sensible properties. I should 

like to have a list of these aoids and other compound principles, that I 

might take a glance at the ground over which we are to trayel in search of- 

these animal and vegetable remains. 

Jlfr« B, Such a list would be more formidable than you anticipate, and 
j would contain the names of many substances for the examination of which 

we have neither time nor opportunity. . To gratify you, however, I will give 
, yofu a catalogue of some of these principles, confining it to the vegetable 
, kingdom only. Here it is. 

Vegetable Jldde, 

Acetic, Citric, Gallic, Hydrocyanic, 

,- Oxalic, Malic, Succinic, Kinic, 

, Tartaric, Benzoic, Moroxylic, Meconic(24). 

Substance* toHch are cldefiy MkaHne, 
. Morphia, Strychnia, Emetin, Solania, 

Cinchonia, Brucia, Picrotoxia, Delphia(35}, 

Quinia, Yeratria. 

1 Substances of the Second Class. 

^ Fixed Oils of various kinds, Gum Resins, of several kinds, 

i Volatile oils, a large class. Caoutchouc, 

Camphor, Wax, 

• Resins, numerous. Bituminous sub8tances(26]. 

Substances chiefiy of the Third Class, but some of which are not determined, 
i Sugar, Colouring Gliadine, Fungin, 

I Fecula, or Starch, matter, Zymome, Suberin, 

Gum, Tannin, Vegetable albu- Ulmin,&c.(27). 

I liignin. Gluten, men, 

f If this list is too brief, I have the means of adding to it the names of 

' a great many other substances. 

Caroline. Indeed, madam, I am more than satisfied with its extent, and 

^ have no desire to learn the history of all those bodies which your list pre* 

f sents to us, as I presume that some of them must be quite insignificant per** 

f sonages. 

Emily. Do all the acids which you have named exist ready formed in 

( plants, or are not some of them, like carbonic acid, the result of the decom» 

> position of vegetable matter, and the union of its constituents in new forms? 

I JSIrs B. . AU those which I have enumerated exist in plants either in a free 

I state, or combined with salifiable bases. A few of them also may be artifici«> 

^ ally produced by the chemist; and in some instances they may be convertedf 

I into each other, and especially into acetic acid, or vinegar, by processes which 

I abstract a portion of their oxygen(38). With the exception of the oxalic 

I acid, they all consist of oxygen, carbon, and hydrogen, combined in diiferent 



85. How is each of the three classes distinguished? 

84. Name such of the vegetable acids as you may recollect 
25. Do the same with the alkaline principles. 

86. What substances compose a part of the second class? 

87. What of the third class? 

88* What is observed respeettng the regetable acids? 

» 
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proportions. They are therefore considered as haTing a douUe ba«e, taa^t&k 
and hydrogen, acidified by means of oxygen(S9). 

We most content onr seWes with a short notice of each of these a/uds. The 
first on ovr list, howerer, we shall defer until a futare occaaioa, for aUkicfi^ 
it is found, in sparing quantities, in some liyiag plants, it is usiiallj a piro> 
duct of fermentation. 

Emily, The oxjjlic agib, you hare intimated, differs in its eompositioB 
from the other regetabie acids: tiiis difference, of course, must be in its 
base? 

«^t JB, Whilst all the others contain hydrogen, oxalic add eonsistSi 
like the carbonic, of oxygen and carbon only; but, unlike earbonie aeki, 
it exists in the solid form, crystallizing in four sided prisms. It is ariiv- 
lent poison, and many lives hare been destroyed by its crystals being mis* 
taken for those of Epsom salts. . The soar taste of common sorrel, (romex 
acetosa), and of wood sorrel, (oxalis acetoseila), is derived frma ths 
presence of oxalic acid; not alone, however, but combined with a portion 
of potassa, in the form of %binoxalate ofpotcuta. This, when crystallixed, 
is sold under the name of easerOial boU of lemono, and is used for the pur- 
pose of taking iron moulds out of linen. It effects this by forming a atdoUc 
salt with the oxide of iron(30). 

Endly, The tabtabzc acid, the second on yonr list, is, I suppose, the 
same that we commonly call cream of tartar^ and which forma so pleas- 
ant an acid drink. 

Mrs B, Tartaric acid exists in vegetables, combined, like the ozatie, 
with an alkaline base, but not in such a proportion as to form a neutral sslt 
Common cream of tartar is a bitartrate of potassa. It is contained in the 
juice of the grape; and is found forming an incrustation on the indde 
of vessels in which wine has fermented(31). 

CaroUne, This acid you mentioned, I believe, as being contained ia 
Rochelle salt, which you called a double salt, 

Mrs JS. Yes; if the bitartrate of potassa is dissolved, and soda added to 
the solution until the excess of acid is neutralized, on evaporating the ws- 
ter, beautiful crystals of the tartrate of potash and soda (Rochelle salt) 
will be obtained. Tartar emetic is also a double salt, containing potassa 
and oxide of antimony combined with tartaric acid. Its proper name, there- 
fore, is tartrate of antimony and potassa{S^). 

Caroline. That is a salt for which I have no affinity whateyer, and 
which I am quite willing to place among the incompatibles. 

Mrs B. GiTBic Acis is found in many fruits, but principally in lemons 
and limes. It is frequently preserved in the crystalline form, and used 
instead of the fresh fruit, in making punch and lemonade. Its salts aie 
called citrates{pS). 

Malic agis exists in apples, and in most of the acidulous firuits, aceom* 
panied by other acids, and by saccharine matter. 

BEiiTzoTC ACID is obtained from a substance called benzoin. Its taste is ia> 
ther aromatic and pleasant, on which account it is used in some medicinal 
preparalions(34). The galUc acid is the only one remaining on our list, 
to which I shall deem it necessary to require your further attention. 

Gallic acib is contained in gall nuts, and also in the bark of oak and va- 
rious trees. It is always combined with other principles, but especially 



S9. What are their general constituents, and what exception is there? 

80. How is oxalic ac»W found, and what are its properties? 

SI. Whence is tartaric acid obtained, and with what combined? 

82. What are BocheUe salt and tartar emetic? 

93. What is said of citric acid? 

S4. In what are maUc and benxoic acids contained? 
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irith tannin. When these aabstances are infased in water, the gaXUc add 
is dis8olTed(d5). In this phial I haye a solution of gall nuts, which, although 
of a brownish eolour, is perfeetly transparent; and in this other phial I havo 
a solution of sulphate of iron. Observe the effect when I mix together a 
small portion'of each of them. 

Emily. They have instantaneously become as black as ink, and are quite 
opake! 

Mrs B, They have actually formed ink. The most distinguishing pro- 
perty of gallic acid is, that when combined with the salts of iron, it produ- 
ces an intensely bine colour, approaching to black(36). This aeid can be 
obtained in the crystalline state: its tastais both sour and astringent. With 
the exception of that formed by its combination with iron, its salts are un- 
important. 

Endly, Are not the gall nuts somewhat similar to the oak apples which 
tre frequently see in this country^ 

J^ra JB. They are both produced in the same way; that is by the punc- 
ture which an insect makes for the purpose of depositing its egg. The oak 
apples, however, are soft and spongy, whilst gall nuts are solid and hard. 
The best kind come from the countries on the Levant, and are called Aleppo 
galls. They are extensively used, not only in the making of ink, but also 
for the purpose of dyeing a black colour(d7). 

We shall now notice, in a brief way, a very important class of compounds 
which the chemi«t has extracted from various vegetable substances, and in so 
doing has furnished the physician with the active principles of many plants, 
divested of the inert, and, in some instances, the injurious substances with 
which they are nSixed, or combined, in the plant: I allude to the tx&stx- 

B£B ALKALIXS. 

Caroline. These are very different substances from potash, which yon 
informed us was at one time called the vegetable alkali, as they are actually 
▼egetable principles. They must consist of the very same ingredients as 
the acids which we have just been considering(38). 

JIfrt B. It appears that the vegetable alkalies contain nitrogen, in addi- 
tion to the three principles found in all vegetables. Two or three examples 
of these alkalies will suffice to give you an idea of their nature and use. 

Mo&FHiA is fonndto be the narcotic principle ot opium; but in that drug, 
there are various other substances, one of which is called narcotinej and it is 
from the presence of this article that proceed the extremely unpleasant 
effects produced upon some persons by the use of opium. When the mor* 
phia is procured in a separate state, the soothing effects of opium are pro- 
duced without that feverish excitement which so often results from laudan** 
xask and opium, as usually administered(d9). 

CiircHONiA, and duiiriA, or auiNiNS, are alkaline principles, and both con- 
tained in Peruvian bark. They are also bitter principles, and although evi- 
dently different from each other, are analogous in their medicinal proper- 
ties. They both form salts with nearly all the acids. That which is most 
employed is the tulphate of qtdnia. In this substance the active principle 
of the bark is so concentrated, that two or three grains of it have proved as 
effectual in curing intermittent fever, as many ounces of the solid bark(40). 

We will now pass on to the second class of the vegetable proximate prin- 
ciples. 



95. Whence is galUc add procured^ and with what is it combined^ 

86. What is produced by its mixture with sulphate of iron? 

57. How are gall nuts produced, and in what countries? 

98. What is said respecting the vegetable alkaline principlet? 

89. What observations are made respecting morphia and narcoUn^? 

40. What in relation to dnehonia and quitiia? 
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Emily. Tbtt it to the oilf , resinous, and alcoholie substaBoea^ in wlutk 
the hydrogen^ when eompftred with the oxygen, is in excess. 

Mrt By Oils are divided into fixed, and vokuUe. Fixm oiks are m 
flailed because they require a very high degree of heat to convert them into 
vapour; whilst the volatile oilt evaporate at the common temperature of the 
fttmosphere. A drop, of fixed oil will produce a permanent spot of grease 
upon paper; whilst a drop of volatile oil will rapidly evaporate, espeeialJy 
*tf the paper be held before the fire(41). 

Caroline, Nuts sometimes contain a large quanti^ of oil; and I believe 
that it is from the seeds of plants that the oils are always obtained* 

Mrs B. Olive oil is extracted from the pulp which surronnda the atone; 
but the Jlxed oiU are usually contained in the seeds only. Thej are gene- 
rally obtained by bruising the seeds, and then putting them under n preu 
in strong bags made of hemp or horse hair. Linseed oil is thus pressed 
from the seed of flax. Walnuts, almonds, and poppy, cotton, san-flewer, 
cape, and many other seeds, supply considerable portions of oil(4S). 

Emily, There is one very striking difference between these fixed oils; 
the linseed and nut oils which 1 use in my painting, dry and become bard, 
which would never be the case with olive oil. 

Mr9 B, These are called dryings oiUy and they appear to posseas this 
property in consequence of their affinity for oxygen, of which they absorbs 
large quantity, and thus become convei*ted into hard substances, resembiiflf 
the resin s(4d). 

Caroline, If they absorb a large quantity of oxygen, I wonder they do 
not heat, and take fire, as this would seem to be a natural result. 

JKIr« B, Recollect that to produce combustion the abanrption mnat be 
rapid as well as great It is a fact, however, that combustion has frequently 
taken place from this cause. If hemp, cotton, or similar materials be 
moistened with drying oil, and laid in a heap, it will, in the course of a 
few hours, heat and take>fire. Many destructive conflagrations have re- 
sulted from spontaneout combuttions of this kind. When a single article 
IB oiled, and exposed to the cooling influence of the atmosphere, the heat 
will be carried off as fast as it is generated; but where there is a mass of the 
material, the heat is retained and aecumulated(44). 

Emily. From your remark that the Jixed oile are usually contained ia 
the seeds only, and are procured by pressure, I infer that such is itot Che 
fact as regards the volatile oils, 

Mrs B, The yolatils, or xssxn tiax. oiu, form the basis of all the 
Tegetable perfumes. Essential oil is contained, more or less, in every part 
of an odoriferous plant, excepting the seeds. Many flowers contain it ia 
considerable quantities. 

Emily. It is then from essential oil, I suppose, that their odour pro- 
eeeds? 

Mrs B, Yes; and this oil is frequently obtained from flowers. In a 
lew instances, as from the rind of lemons and oranges, essential oil may be 
obtained by simple pressure: this, however, can very seldom be done(<4S). ! 

Caroline. Is it not very plentiful in the leaves of mint, and of thymCy | 
and all the sweet smelling herbs? 

«Afr« B. Yes, remarkably so; and in geranium leaves also« which have 
n much more powerful odour than the flowers. 

The perfume of sandal fans is an instance of its existence in wood. In 



41. How w^ fixed and volatile oils distinguished? 

42. In what way and from what parts are the fixed oils procured? 
4S. By whafrare the drying oils distinguished? 

44. How do they occasionally produce spontaneous combustion? 

45. In what parts of a plant ace- the essential oils found? 



J 
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short, all vegetable odonn, or perfitmes, are produced by the evaporation of 
particles of these volatile oil8(46). The usaal mode of obtaining essential 
oils 18 by distillation. The aromatic plant is put into a still, along \pith 
vater, ivithout vhich the vegetable would be burnt. The essential oil and 
<w«ter pass over, and are condensed in a receiver. The oil, being inso- 
luble ilk the water, floats upon its surface, or sinks to the bottom, according 
to its speeifie gravity(47). 

Emily, What is the difference between what are called essences and 
the volatile dils. 

JIfrs B* The volatile oils are soluble in alcohol, and the essences are 
•olutlons of this kind: thus essence of peppermint consists of the essential 
oil of peppermint and alcohol. Essences are formed by rising ardent spirit, 
or alcohol, instead of water, in the distillation of the aromatic plants(48). 

The essential oils evaporate but slowly at common temperatures; and, 
like the drying oils, when exposed to the atnsosphere, they absorb oxygen, 
thicken, and at length acquire a consistence resembling the re8ins(49). 

The cheapest and most useful of the essential oils, is the o»7, or spirits, of 
turpenti4b, which is procured by distilling the turpentine which oozes from 
the pine tree. Common rosin is the substance which remains in the still, 
after the volatile oil is driven over(SO). 

Car^t^' Pray does not the powerful smell o{ camphor proceed from a 
volatile oil? 

Mrs JB. Caxphok, although closely allied to the volatile oils in many 
respects, seems in others to stand alone. It is obtained from a tree in Japan, 
called the Umrus camphora. Like the essential oils it is diffused through- 
out the plant, andis sepai:ated from the trunk, root, and branches, by srub» 
Umaiivn, Camphor is found in small quantities in various other plants. 

Camphor is soluble in the essential and fixed oils, and in alcohol, but i^ 
insoluble in water. By its aid coptU, one of the resins, may be rendered 
soluble in alcohol, and converted into a vamish(51). 

JBmily. The different varnishes are, I know, made from the resins, and 
as I sometimes use them, I feel interested in learning something further 
respecting their composition. 

Mrs B, The bxsiks are the inspissated juices of plants, which, although 
they resemble the ffums in appearance, differ from them essentially in their 
properties. The different kinds of gum are soluble in water, whilst in this 
fluid the resins are completely insoluble, their proper solvents being the 
fixed and volatile oils, alcohol and ether. The resins are also dissolved by 
means of the fixed alkalies. They undergo fusion by heat, are extremely 
combustible, affording a brilliant light, and, like the oils, produce in their 
combustion carbonic acid and water(52). 

The principal resins are common rosin, copal, lac, sandarach, mastich^ 
and elend. All these when dissolved are used in vamishes(53). 

Emily. But I believe they are not all soluble in the same fluids, as the 
spirit and oil varnishes usually contain different resins. 

Jtfrs B. They are, in some instances, and under proper management, 
soluble in the essential and fixed oils, and also in alcohol; but, in general, 



46. What particular plants are named as abounding in it? 

47. How are the essential oils usually procured? 

4S. In what do the essences differ from the essential oils? 
49. What change does the atmosphere produce in thenir? 
$0, What is spirits of turpentine, and what rosin? 
SI. What is camphor, and what is said respecting it? 
58. What are the resins, and what are their properties? 
5d» Name some of the principal resins. 
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tbey have their appropriate soWents, and beeome the basis of oil or of ipiiil 
Tarnishes, according to the differenee in their natiires( 54). 

Caroline. Is not amber a resin? it has that appearance, and I have heird 
of amber yarnish. 

JIfrs JS, Ambsb is a pecnliar resinous sabstanee, nndoabtedly of vege* 
table origin; but it is sometimes dagoutof theeai:th,and at others ooUeetei 
an certain places on the sea shore. Its precise origin is unknoiarny butitii 
certainly a vegetable product, as it frequently includes insects, and smsQ 
pieces of plants vithin its sub8tance(55). 

There is a mixture of essential oil, of resin, gum, and other matter, ob> 
tained in a concrete state, from different plants, and called GiTM-nx8iv& 
Aloetf gambogCy and seversi other useful compounds belong to this cla8s(56). 

Emily, Does not gum elastic also belong to the same famil j ? it is a veiy 
Inflammable substance, as I have frequently observed. 

JMrt B. Caoutchouc, or gvm elastic, when first procared from tbe 
plants vhich contain it, is a white, milky, glutinous flmd; it aequires cos- 
sistence and blackens in drying. 

Caroline, I am surprised to hear that gum elastic was eyer whflbe or ever 
fluid. From what vegetable is it procured? 

JMra £. There are two or three different species of trees in the East 
Indies and South America, from which it is obtained by makinf^ idtibions ia 
their stems. The juice is collected as it trickles from these incisions, and 
moulds of clay, in the form intended to be given to the bottles of g^om el&»' 
tic, are dipped into it. A layer of this juice adheres to the clay, and dries 
on it; and by repeating this operation, several layers are successively added 
until the botUe is of sufficient thickness. It is then beaten to breaJc dowa 
the clay, which is easily shaken out. Shoes and boots are also made of itbj 
a similar process. They are extremely pleasant and servioeable, both Iroii 
their elasticity, and their being perfectly water proof(57). 

We will next say a few words respecting the tvax which is eolleeted bj 
that industrious insect the bee. 

Emily. I recollect that Huber, in his most interesting work upon bee^ 
considers wax as an animal, rather than a vegetable, product; as he fosnd 
that bees made combs of wax even when they were fed exclusively npoQ 
sugar. 

JUrs JB, Wax partakes of the nature of a concrete fixed oil, and appesn 
to be both of vegetable and of animal origin. The fact you mention seems 
clearly to prove the latter, whilst the former is evident from its being con- 
tained in the pollen of flowers, and from its forming a coating to the plosi, 
and to the leaves of many plants; and more especially from the quantity ob- 
tained under the name of myrtle wax, from the berries of the myrica cer*- 
fera. There appears, however, to be some difference in the composititm of 
that procured directly from plants and that furnished by the bee. 

Wa^ is frequently made into candles, as it affords a purer light than most 
Other substances. Before being used for this, and several other purposes, 
it is in general bleached, and rendered perfectly white(58). 

Caroline. In your list of vegetable principles of the second class» yoo 
have inserted bituminous substances. I had always supposed that these 
vere dug out of the earth, and properly belonged to the mineral kingdom. 

Mrs B. They may, perhaps with equal propriety, be classed as belong- 
Ing either to the mineral or the vegetable kingdom; for although the bitiunem 



54. What is said respecting their solution, and of varnishes? 

55. Whataretheorigioy sources, and properties otatnber? 

56. What is the nature of the gum^resins? 

B7. Give the history of caoutchouc^ or gum ^asHc 
58* Do the saae in relation to vox. 
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«re found in tbe earth, thejr are Qndoubiedlj of vegetaUe origin. They- 
may be coiiTenleiitlj arranged under the heads of Bitumen and JPii 
€oal{S9). 

The name BiTxnuvs includes naphtha^ wfaie& has been already noticed^ 
(p. 164) petroleum^ and mitieral tar. They are very Tiscid fluids, bearing a 
strong resemblance to each othec. They %re found in many coal distriots, 
and» by exposure to the air, become soUd, and appear much like common 
pitch. The bitumens are <Ustiiiguished by their iniBiammabiltty(60). 

Emily, Common pitch and tar, however, are not mineral substanees; as 
they are brought from the pine districts, where turpentine is prepared. 

J{£r9 JB* Turpentine exudes from the growing pine tree; but tar is ex* 
tracted from the wood by means of heat, »ad consists of the turpentine par* 
tially decomposed, and mixed with other vegetable products. When the 
more fluid parts are evaporated by boiling, the tar is converted into pitch* 
The difference between them and mineral tar, and mineral pitch, is not 
greater than might be expected in substances having the same CM*igin, but 
obtained by different proce8ses(61). AsphaUum^ sometimes called Jerw*t 
pitchy is a much purer bitumen than common pitch. It is found on the banks 
of the Dead Sea, and in the islands ofBarbadoes and Trinidad, forming 
large b«ds in the earth. Dissolved in spirits of turpentine, it forms a dark 
coloured varnish much used for some purp08es(68)« Articles very similar 
to most of these bitumens may be extracted from fit coaL 

Caroline, It is no. easy thing to believe that the vast beds of pit coal ex» 
isting in various parts of the worldy and buried fiir below ihe surface of the 
ground, have, all originated from vegetable materials. Wood and coal bear 
but little resemblance to each other, excepting in the fact that they are both 
combustible. ^ , 

J^rs JB. In a comparison of this kind the fact of a similarity in composi- 
tion is a point of much greater weight than that of mere combustibility. But 
we have still stronger evidence, in the feet that specimens are sometimes 
found in coal mines, one part of which exhibits the organie structure of the 
wood, in the form of charcoal, whilst another part is completely converted 
into pit coal. The slate which usually covers the beds of pit coal, abounds 
also in petrified vegetable remains. This however is a point which it is not 
our present business to discus8(63). 

Emily, In pit coal itself there must be a great difference of composi- 
tion. The anthracite of Pennsylvania, and the coal brought from Virginia 
or from England, burn as differently as do charcoal and yellow pine 
wood. 

Jlirt B. The difference between the two is precisely that which exists be- 
tween the articles that you have named. One of them contains a bituminout, 
or resinous substance; the other does not(64). The best anthracite is tiearly 
pure carbon; and if we take the bituminouB coal, and treat it as we do pine 
wood when we cpnvert it into charcoal, the bitumen will be voHttilized by the 
beat, mineral tar and pitch may be collected during the process, and a spe- 
cies of charcoal will then remain, which is called cokb. Excepting in its 
being very porous, this substance is very similar to anthracite, and it is pre- 



59. What observations are made respecting the bitumeru? 

60. What are the names of the Jltdd bitumens? 

61. What is said respecting turpentine^ tar, uadpitekf 

62. Where is asphaltum found, and what is it used for? 

63. What circumstances prove the vegetable origin of pit coat? 

64. In what consists the diflerenoe between an^aeite and the eommon 
pit coal? 

Z 
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pared and uied in great quantities in the English iron manufactories ai i 
anbetitnte for eharooal(65). 

What I haye further to tky upon vegetable chemistry will afford na foil 
oeoupation during our next \neeting. 



" CONVERSATION XXIX. 

r ON y£GETABl4B CHEMISTRY— CONTINUED. 

Vegetable Prindplet of the Third CUut, Sugar and ite J^anufacture, 
^olMtee^ Loaf-^ugar^ Sugar^andy^ and Barley Sugar. Honey ^ Sugar 
mf GrapCMf and Manna, Gum or Mucilage. Distinction between Gum 
and Retint. Fecula or Starch, Jtrrovr Hoot, Tapioca, and Siiffo, Ft* 
C^da converted into Sugar by Sulphuric Acid, by Fermentation, and by 
Germination, Malting, Gluten, Tannin. lAgnin or Woody Fibre. 
Colouring Matter, Lakea, and Dyeing, Adjective and Substantive O- 
toura, and Mordants, Fermentation. Saccharine, Vinous, Use ^ 
Teast, Mature and Combustion of Alcohol. Ethers. Stdphuric Ether. 
Aphlogistie Lamp, Acetous Fermentation, Acetic Acid, Vinegar, and 
FyroUgneous Acid, Products of the Putrefactive FermentaHon* 

Mrs S. Oar first business to-day will be to examine a few of those re^ 
etable principles which constitute the third class; that in which the oxjges 
and hydrogen are to each other in the proportion, by weight, of eight to oat, 
or, in other words, in the exact proportions for forming water( t ). The firtt 
of this class of substances which will claim your attention is sugar, 

Caroline. Should all the members of the class possess qualitiea equall/ 
agreeable, we shall find ourselves in very pleasant company. 

Emily, Svbam, I know, is contained in a great number of vegetables,* I 
have seen some beautifully white, which was made in France from the jaiee i 
df beetS{ and our own maple sugar, too, I have frequently eaten, and think I 
its flavour peculiarly agreeable. | 

Mrs B. There are few vegetables which do not contain sugar(2), but it 
is so much more abundant in the sugar cane (arundo BacchariferaJ than ia 
any other plant, that, excepting under particular circumstances, the wholll 
supply, Soth for Europe and this country, is obtained from it 

Caroline. I have read the description of the mode of making sugar 
^e West Indies and in Louisiana, and know that the juice of the cane 
pressed out, by passing it between large iron rollers; after which, the wate; 
part is evaporated by boiling, and the solid part collected in the form 
brown, or moist sugar(3). 

Mrs B, The juice, when pressed out of the cane, contains a portion 
vegetable acid, and.of mucilaginous matter, which requires to be remove 
.this is, in great part, effected, during the boiling, by the addition of lim^ 
water, the lime neutralizlDg the acid, and causing much of the foreign ma 
to rise to the sorfiice, whence it is taken by skimming. The juice, wh< 
sufficiently concentrated, is drawn off into wooden coolers, in which 
•agar erystallizes. It is then, however, of a very dark colour, owing to 



65. What is coke, and for what purpose is it used? 
1. What characterizes the vegetable principles constituting the 
class? 

S. Is sugar a common product of vegetables? 

J> In what plant is it most abundant, and how is it procured? 



ON SUGAR, HONEY, GUM, &c. 2^1 

presence of that brovn, siropy fluid, molasses. To get rid of this it is pat 
into barrels, the bottoms of which are perforated with numerous small 
holes, through which the molasses gradually drains off. The common browa 
sugar is thus prepared for market(4). 

Emily, But a considerable portion of sugar must still be contained in 
the molasses, as its taste fully indicates. 

Jifrs B, Yes, but it is so intimately mixed with other vegetable matters, 
as to prevent its crystallization. This fluid, however, is not lost, as much 
of it is used with articles of food^ and large quantities are employed in the 
distillation of rum(5 ). 

Loaf'SUffar, is prepared by redissolving the brown sugar, and refining 
it in such a way as to remove the whole of the molasses, and other foreign 
matter: it is then, as you know, a solid white substance, of a crystalline tex« 
ture, and of a pleasant, simply sweet taste. By its ultimate analysis, an 
atom of sugar appears to consist of one atom of carbon, one of oxygen, and 
one of hydrogen. 

Caroline. And in what way is it converted into sugar-candy, and barley 
sugar, which seem to consist principally of this material? 

Mrs JB. Sugar-fdindy is made by dissolving sugar in water, and allowing 
the water to evaporate very slowly; the sugar is then deposited in large 
compact crystals. Barley sugar is prepared by melting sugar over the 
fire, pouring it out in its fused state, and cutting it into sticks. It is usually 
flavoured by means of some of the essential oils(6). 

Sfuney^ which the industrious bee collects from various flowers; manna^ 
which is a concrete juice obtained from several species of ash; the sugar of 
grapesy and some other saccharine materials, although they contain princi* 
pies very analogous to sugar, do not appear to derive their sweet taste 
from the same identical ingredient. The sweet matter of manna has been 
^procured in a separate state, and has received the name of mannite. Most 
of these vegetable juices, as they ooze or are expressed from the plant, con- 
tain considerable portions of the principle called gvm^ or mucilage{7), 

Emily. That is a substance with which we are well acquainted, particu- 
larly with the kind called gum arable. Gum is also very common on the 
bark of the plum and peach tree. 

JSfrs £. Gum, which, when in solution, is called mucilage, is contained in 
most plants, but the most useful is that whith is obtained from a species of the 
Acacia tree growing in Arabia, whence it derives its name of gum arabic. It 
is procured in such quantities as to be exported to most parts of the world. 
It contains much nutriment, and forms a considerable part of the food of the 
natives of those countries which produce it. 

Although there are several species of gum, it is probable that they idl 
contain the same principle, and tl^tthey derive their peculiar properties from 
the different vegetable products with which this principle is combined in the 
respective plants by which it is fumi8hed(8). 

Emily, In its external appearance, gtim resembles the resins, but it 
differs from, them in being soluble in witter, whilst they are insoluble. 

Mrs B, A resin will be precipitated from its solution in alcohol, if water 
be added to it, and a solution of gum in water, will, in like manner, be de- 
composed by the addition of alcohol. The cause of the precipitation is the 



4. Relate some of the particulars of the mano&eture. 

5. What is observed respecting the sweet taste and the uses of molasses? ■ 

6. How are loaf-sugary sugar-candy, and barley-sugar prepared? 

7. What is observed respecting koney, the wgar of grapes, and maima? 

8. Whence is gum or mucilage obtained, and what is said of it? 



293 CONVERSATIONS ON CHEMISTRY. 

Mine ia both eases; namely, the affinity of water and of aleohol £or eadi 
other being soeh as to deprive the gam, or the reain, of its solvent. 

CaroUne, I now know why some spirit varnish was spoUed by my p««r« 
ing a little water into it. The resin separated, and fell to the bottom, ia 
oonsequence of the water depriying it of the aleobol whi«h luid held it ia 
iolation(9). 

Jlirf jB. Stibcs, or vxgula, is very abundant in the Tegetad>le kingdosL 
That which is generally used is obtained from wheat; but the eonuaon, vbA 
the sweet potato, yield it in large quantities. The Indian arronm root is 
only a very pure starch. Tapioca and «a^o, also^ are chemieallj the same 
wiUi feeula, but somewhat modified and altered by the heat employed m their 
preparation. Stareh is insoluble in cold water, although hot water wiU 
dissolve it completely(lO). 

JBmily. Starch, as we buy it, appears to be somewhat erystalline in ito 
form; but yet its texture does not at all resemble that of crystals. 

Jlfr« Mo This appearance is a consequence of its contraction ia tbe 
process of drying in the manufactories. You have oflen in dry- weather 
observed hard, clayey paths cracked or divided in a similar way(ll). 

In its composition, stareh is very nearly allied to sugar, and may be 
wholly converted into saccharine matter by boiling it in water containing a 
small portion of sulphuric acid. Frost produces a similar effect upon the 
feeula contained in the potato, and in other vegetables, several of which, yoa 
know, acquire a peculiar sweetness by being fi-ozen(12). 

When seeds begin to germinate, their starch is converted into si^ar, 
which, being soluble, becomes the food of the embryo plant. In the process 
of malting barley, the grain is first moi^stened, and allowed to sprout; and ' 
then heated sufficiently to arrest its further growth. It is thus rendered ' 
•aecharine, and fitted for the use of the brewer or distiUer(ld). 

Caroline, Although starch is obtained from wheat, the diflereaee be-, 
tween it and flour is very great . I think that starch would answer bit 
indifferently in the hands of the baker or of the cook, for making loaves or 
puddii^s. 

Jlfrt B. The different kinds of grain contain a prineiple called oi.imv. 
This principle is more abundant in wheat than in either of the other fiurtaa* 
oeous plants. The soluble materials, and the feeula, may be washed out 
of flour; and when this is done^ the gluten will be obtained in a separata 
state. This substance is very tenaci^s and elastic, of a gray colour, and 
fibrous texture. Like animal matter, it contains nitrogen, and tf left in 
a moist state will soon putrefy. The tenacity of paate made froaa wheat 
flour, and also the nutritious quality of wheat bread, result principally from 
the gluten in their composition(14). Two proximate principles hare been 
discovered in gluten, one of which has been named gUadine^ the othet 
xymome, 

Caroline. What a complex affair is a common loaf of bread ! To mdn 
It we have to take the feeula, gluten with its gliadine and zjrmome, some 
water, and yeast, a portion of muriate of soda, with a little pearl ash, besides 
all the contaminations of all these ingredients; we mix thera together, and 
sail the compound simple bread* The very list of materials would supply 
a eolumn for a dictionary (15). 



9. By what properties are the gums and resins distinguished? 

to. Whence \%fecuia or ttarch obtained, and what are its properties? 

11. What eauses its columnar, or crystal-like appearance? 

13. By what means maj/eculii be converted into sugar? 

13. What are the efifects of germination, and what is malting? 

14w Detail the properties of gluten, and the mode bf obtaining it. 

15. What observation is made respecting the composition of bread? 
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Mrn J9. We shall soon dismiss these proximate priqciples, and proceed 
to the spontaneous decomposition of vegetables. But, before doing this, 
tannmy Ugmn, and the colouring matters of plants, will claim some notice. 

Tahtttis- exists in large quantities in all astringent plants, and may, indeed, 
be ocfnsidered as their astringent principle. It is sometimes found alone, 
but is more frequently accompanied by goMc acid, as in gall nuts, the 
bark of oak and other trees, in the unripe persimmon, and in tea. 
I Like nallie acid, it precipHates the saltsf of iron of a black colour; and com- 
bined with the gallate of iron forms the basis of writing ink, and of ^he 
usual black dyes. Its most important use, however, is in the process of 
tanninff, or tiie conversion of the skins of animals into leather; a circum« 
Stance which I shall particularly explain when we treat of animal ehem- 
i8try(16). 

Mr Hatchett, a chemist of much celebrity, obtained a substance bearing 
I a B&ong resemblance to tannin, by digesting charcoal and nitric acid to- 
gether. Their product has been named artificial tannin. 
, Emily. And has not this di scovery been of great use to the manufacturers ? 

Mrs B. Nature furnishes tannin in so many of her productions, and at 
to little cost, that were the artificial exactly like the natural tannin, still its 
price would be too great to make the discovery useful in an economical point 
of view; although, as a scientific fact, it may be of real importance(17]. 

LieKiir, or the woost riBBE, constitutes the great body of a plant, giving 
I to it its solidity and support, as the animal frame is sustained by the bones. 

Emily. It must be from the Ugrun, then, that common charcoal is formed. 

Mrt B. The voody fibre, as a proximate principle, consists nbt^nly of 
eftrbon, but of the ordinary constituents of vegetable matter. To obtain lig- 
j. Bin in a separate state, wood, in form of shavings or of saw dust, is alter- 
• nately digested in water, in alcohol, and in dilute muriatic acid: all the 
■bluble parts will be thus removed, and the lignin alone remain. It has 
neither taste nor smell, and undergoes no change by keeping. Dry wood is 
said to contain about ninetjr-six per cent of lignin(18). 

By digesting lignin for some time with sulphuric acid, it is changed into 
a substance resembling gum, and thi» by boiling, may, like fecula, be con- 
yerted into sugar. 

Caroline. One of the last articles which I should have thought of trans- 
forming into sugar, would have been saw dust. The similarity which 
exists between the different vegetable compounds, might, however, when 
duly weighed, induce us to suspect that agents which have the power to 
change the proportions, or alter the arrangement of the atoms of their ele- 
ments, might sometimes convert one of these vegetable principles into 
another(19). 

JUrs B. The eBUbvntNe xattek found in plants has sometimes been 
elassed as a distinct principle; but colouring materials differ so much from 
each other in their solubility, and in their other properties, as to render 
the propriety of such a classification very doubtful. The colouring matter 
is always attached to some one or more of the proximate principles, such as 
the mucilaginous, farinaceous, and resinous. These, if there is a separate 
colouring principle, so far modify its' properties as to render it necessary 
to treat it by very different processes, when it is applied in the arts of paint- 
ing or dyeiog(20). 



16. What are the sonrees, properties, and uses of tannin? 

17. What is said respecting the diseoveiy of artificial tannin? 

18. What is lignin, and how is it obtained in a separate state? 

19. What is said on the conversion of lignin into sugar? 

SO. What observations are made on the colouring principle? 
Z2 
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JEimly, The LAKxt, I believe, ere tdl of them Tegetable coiaanf wd 
most of them, I knov, ere fagitWe vhen lued in peiating^. 

Mr9 B. The laket eoatist of Tegetable eoloiiring metier, eomluMd 
vith alomine, or with tome other metellie <»ude, to which Uiej faa:fe ti 
affinitif, and with which thej form intolable eompoiind8(2i}. Some «f 
the vegetable colours that are used in dyeing will at onee attaeh tkemseifei 
to the fibres of the material to be dyed, aad snch are called ewActealrBe 
colour*; but many of them will impart a mere stain, which ia rQMfity 
washed out, and these are denomim^d adfeetive colours. To eanae the In* 
tet to attach themselves permanently, the eloth to be dyed ia firat dipped 
into a solution of some substance which has an afllnity to its fibres, ta4 
also to the colouring matter which is to be employed. When diis kii 
been effected, the cloth may take a permanent dye ia si liquid thai 
would otherwise scarcely have discoloured it(3S). 

Caroline. Dyeing, then, must be a chemical art, aa it does not, like 
painting, consist in merely covering a substance, mecfaanieally, with colaipi 
ing matter. 

Jfro B. Undoubtedly. The condition required to form a good dye, a 
that the colouring matter should be precipitated, or fixed, on the snbslBBce 
to be dyed, and should form a compound not soluble in the llqnida, or re- 
movable by the other agents to which it will probably be exposed. Tfaa% 
for instance, printed or dyed linens or cottons must be able to resist the as- 
tiou of soap and water, to which they must necessarily be subjected ia wadi- 
fag; and woollens and silks should withstand the aetion of grease aad afilds> 
to which they may be aceideatally expq^d(3d). 

Caroline. Then if linen and cotton have not a sufficient affinity fiordie 
colouring matter, the combination is effected by the interventioa of a tiEud 
substance.^ 

Mrs J9. Yes $ and this third substance is called a mordoHty or 6<Mta. Maay 
articles to be dyed are dipped into a solution of alum, the alumiae of whidi 
has an affinity for the substance of the eloth, aad attaches itself firoUy to k. 
When dipped into the dyeing liquid, the affinity of the alomine for edoariBg 
matter is then brought into operatioUfaud the eolour permanently precipt- 
tated upon the cloth. The alumine is, in this case, the mordaat, sr 
basis(24). 

Bndly. This-is an exemplification of the iacl that two subataaeea whkii 
have no apparent affinity for each other, may be^made to coakhiae by dK 
intervention of a third) just as oil and water, which will not unite whea 
alone, combine and forhi soap if an alkali is added to them(25}. 

•9frc B. The preceding examples of the eompoaods aeereted by the 
organs of plants, will suffice to give you a clear idea of their general pre* 
perties; and we will now proceed to investigate some of the effects produced 
by the srozTTAHSovs chavsxs ov ▼■oxtablx xattxb. You are sdrcad^ 
aware that the simples and compounds contained in vegetable substances, 
enter into new forms of existence, when they are no longer controlled by the 
living principle. The examination of these changes will present a wide field 
for investigation, of which we shall be able to explore only a small part 

Caroline. The term /ermentofton, I know, ts applied to such changes; 
but it appears to me that it is rather indefinite, as the effects which it pro- 
duces are so various. Thua nunure, bread, beer, vinegar, and many other 
articles, are said to ferment when they are undergoing certain changes; but 



Si. How are the vegetable eoloura called Idkeo obtained? 

98. What are oi^cHve and what oubotaniive colouro^ as used in dyeing! 

3S. What is required in dyeing, and why is it a chemical art? 

S4. What is a merdoMi or 6a«M, and what does it effect? 

35. What law of chenuoal affinity does it serve to exemplify > 
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t tone of them spoil by fermentatioD, irhiht others acquire properties which 
I are highlj Tallied hj us(36). 

^ A^ JB. In many eases of fermeotatioD, there is a risible intestine mo« 
i ti«i in the materials vadergoiBg the proeess: this motion is oeeasioned b^ 
\ the eztrication of gaseous matter. Sometimes, howerer, there is no gaseous 
i Batter eToWed, or if there* is, the change takes place so slowly that it is itn- 
{ivperoeptiUe. As the vegetable principles vary so much in their natures, 
j! their operation upon each other, or that of other agents upon them, must ne* 
I eessarily be dtflferent; and this has giyen rise to the division of the ferment»> 
i i&re proeess into foor kinds, namely, the taccharine, the TdnottSy the acetouf^ 
,t and the putrefactive fermentation(27). 

i EmHy, These terms are very expressiTOf as they evidently point to the 

production of si^r, of wines and acids, and of the final change to which all 

vegetable and animal materials appear to be liable. 

f JIfrs B, '^' The sACCHiliiirB rsBMXirrATiosr appears principally to take 

, place in feeula, or starch. The circumstances under which it occurs have 

been so recently noticed, that I need not repeat them(28}. I shall there* 

. fore pass at once to the second kind, which is the Turous febxentatioit. 

[ Although this name is derived from tiie fermentation which gives rise to the 

; production of wine, it is the same proeess which takes place in cider, beer, 

. and other liquids when they acquire an intoxicating property by being 

. allowed to ferment, and they^are all included under the general name of 

L vinous liquor8( 89). 

I CaroHne. I have c^ten thongfat it a curious eireuastanee that.we may 
I drink a large quantity of sweet cmer, without any danger of being made giddy 
j by it; whilst a tumbler of fermented cider might prove a little too much 
, for our gravity. 

Mlra B» It is absolutely necessary to the production of the vinous fer- 
ibentation that saccharine matter should be present in the liquid which is to 
undergo that process. The juices of iiruits usually contain all the sugar 
that is necessary; and in heet and ale it is supplied by the malting of tlK 
, grain, which has converted its starch into sugar. When a fluid containing 
the necessary ingredients is exposed to a temperature of from sixty to sev** 
e&ty*degrees of heat, the operation soon commenoes. Bubbles of gas escape 
from it, and presently the whole volumeof the liquid is in brisk motion; its 
•ppearanee .is turbid, its surface covered with £ra4h, and its temperature 
will, be found to have risen several degrees above that of the surrounding 
air. After the lapse of a few days, the gas ceases to escape, the temperature 
foils, the impurities subside, and the Uqaor becomes clear and transparent. 
The proeess is then considered as eoispleted, and the ]^rq[»erties of the li^ 
quid Kte completely altered(30}. 

Etmly. And whilt are tiie precise changes which occur during this fer- 
mentation f 

•AA's J9. A large part of the sugar has disappen'ed, and, in its stead, aU 
eohoi has been formed, which bung mixed in the fluid communicates to it 
its stimulating and intoxicating properties(31). 

Car^tine* And is sagar all that is necessaiy to this fermentatioa? If so, 
' sugar and water may be converted into spirit. 

JIfrs B. Although it is the sugar only that is decomposed, something else 
IS necessary to cause the formentatien to begin. The mucilage, and other 



S6. What remarks are made on the use of the ierm fermentcOion? 
£7. What takes place in fermentation, and what kinds are named? 
S8. In what principle does the HUicharme fermewtalUn occur^ 
S9i What is said of the vinoug fermenuai9n and vinous Uqu9rs? 
SO. What are the eireuBastances attendant on the vinous fermentation? 
dl. What are the precise siuuiges eileeted by it? 



53. What 18 neoessarj to the eommeneement of this fermentfttion ^ 
3S. What is observed on distilling spirits from potatoes, &c. > 
34. Explain the nature of distillation, as described at page 62. 
SS. What are the atomic changes when alcohol is produced? 
86. What is meaqt hf pr^^f epiritt and by aieohol? 

37, What is observed respecting the eombusttoa of alcohol? 

38. How are the different kinds ot ether jprodaoed from alcohol? 
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principles existing in the juices of fmits, suffice for this purpose; but if su^ 
alone be contained in the water, it is necessary to add some tfeast^ which ii 
itself a peculiar product of fermentation, and is specially adapted to pro- 
mote it By this addition, sugar and water may be actually conTerted ialt 
spirit and water (3S). 

Caroline, I have often heard of the distillation of spirits from pf»tatoei, 
And from other roots, as well as fi*om grain, and the juices of fraits: in tbii 
case it would seem that spirit may be formed without the preaeiice of sc^v. 

JkTra B, But all these substances contain a considerable qnaattty d 
starch, which first undergoes the saccharine fermentation, and thus laniishet 
the sugar necessary to the vinous(3d). 

The manner in which the ardent spirit, or alcohol, is separated from tht 
fermented liquor, I described to you in one of our early conTersatieii^ 
(p. 62), and showed you an alembic, or still. I need not, I axa sore, repest 
what I then said(d4). 

Emily, You have not informed us, Mrs B., in what the deoompoaition o( 
the sugar consists, or what is the kind of gas disengaged in this fermenla- 
lion. I know enough, however, about breweries and distillerieB to be at no 
loss on the latter point; besides which, I now recollect that you told as, 
some time since, that the gas in question was carbonic acid. 

Mfs B. An atom of alcohol consists of one atom of oxygen, united to 
two of carbon and three of hydrogen. When by fermentation a portion of 
the sugar is converted into carbonic acid, the remaining ingredients are is 
the precise proportions for forming alcohol, which is, consequently, the re- 
sult of this decomposition(35). 

Caroline, Pray what is meant by proof spirit? I know that it relates tl 
its strength, but do not fully understand the meaning of the term. { 

Mrs B. When a vinous liquid has been so far rectijied by distillation at 
to contain about equal parts of alcohol and water, it is then called proof 
spirit. When of greater strength, it is named second, third, or fourth prool^ 
according to its state of concentration; and when as much as possible of the 
water has been separated from it, it is then Mpirita of vnne^ or rather olcs* I 
hoUSQ). ' ] 

Alcohol^ you know, is extremely inflammable. When burnt, it Is, firaa i 
the nature of its constituents, wholly converted into water and earbonie acid, 
and it is a fact which a person ignorant of chemistry would scarcely u*edit, thst | 
either of the products of its combustion will considerably outweigh the sl- 
cohol which has been burnt. 

Emily, Because both its carbon and its hydrogen obtain oxyg^en from 
the atmosphere, with which they combine, and thus acquire the additioasl 
weight(37). 

. M'8 B, Although ETHX& is not produced by the spontaneous decomposi- 
tion of vegetable matter, biit is artificially obtained by the decomposition of 
alcohol, I shall now give you some account of its formation. The experi- 
ments which we have performed with it have readored you familiar with its 
volatility, and also with the facility with which it takes fire and bomi. 
There are several species of ether, produced by the action of diflferent acids 
upon alcohol: the most common, however, is oulphuric ether j and to this 
we shall confine our remarks(3S). Do you recollect how we obtained tiie 
o^fiant or heatxy carburetted hydrogen gas? 
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CaroBtK. Oh jet. The experiioeat vm tno striking to be to looa for- 
gottcB. To praenre the g«> f on deeompoKd uleohol b; the a^^uc]' of inl- 
phorio sold. 

Jlfri S. Aad bf a similar proeeis ether is obtained, only the deeompo' 

Ktom of Kleohot eansiats of one atom of oxygen, tva of carbon, and three of 
hydrogen, elher a eompoaed of one atnm of oxjgEn, four of carbon, *nd Gie 
of hf drogen. It differs from alcohol Uierefore in cantalniDg a leia qaantity 
both of uiygen and hydrogen Id proportion to the carbon. To eoniiert 
alcohol into ether, it Is boiled in a retort with sulphuric acidj the afGnitj of 
thii fluid for water enable> it to abstract one half of that vhieh enters into 
the ooiaposttion of the aleohol, when the re oajning atoms are in auch propoi^ 
tlons «a by their combiuatiuu to form cther(33). 3^ Jphhgi.m „r 

1 will no* eihibil to j-oa a yerj curioua in- piaracleat Lamp. 
■tanoe of the oombustioii of the yaiiour of alcohol ' 

or ether. 

Saiily. The little lamp which jou hare placed 
upon the table has its vic^ surrounded bj a coil 
or wire, which appears like silver. 

Jttn B. The wire is platinani, and the lamp 
ia called the aphlogitlic or JtameUaa lamp. It 
depends for iti operation upon an interesting laet 
diacovered \>j Sir Hnmphrf Davy, that if a eoil 
of platina wire is heated, and then held near the 
■arface of ether orof alcohoi, in a glass, it will be- 
oome of a glowing red heat, and will continue so 
until the wliole of the elher or Hie alcohol his era- 
porated. I bate some ether in this lamp; I will 
light the wick, and then blow it out, and you will 
pereeive the effect produced upon the platlna wire, 

CaroSat. It is ettremely curiousj the wire doea Indeed eontinne red 
bot, and that without any apparent cause, aa there is no flame. 

JUrt B. The vapour of the ether burns as it eacapes, but not with suflicienl 
heat to eanae it to inflanie, although with enongh to keep the wire red hot, 
which in its tarn conlinaes this flameless eombaitioh of the ether(40). 

We will now converse awhile about the formation of ncetic acid, the 
principle which communicates a sour taste to tlnegar. 

Emily. We tery well know tl.e effect of thia fermenUtion upon our 
beer and eider, although we have much to learn respecting its chemical na- 
ture. It seems however that this fermentation succeeds to the vinous. 

Mn B. The icitods TiaitiimTias doea, aa you observe, succeed to 
(he vinoni; and in some insUuces so quickly that it ii difficult to complete 
the one before the commencement of the other. The aeetous fermenta- 
i tioa consists in the decompoiition of the alcohol formed in the vinous, and 
its eDnversion into acetic aei^W). 

CaraUne. But alcohol contains so little oxygen, that it is difficult to con- 
ceive how it can become an acid, unless it should be one of the hydraeids. 
Mrt B. The acetoua fermentstion requires the exposure of the liquid 
. to the action of the atmoaphere, from which it absorbs a large portion of 
'. OTygeu. The appearances which accompany this fermentation are In seve- 
ral respects similar to thoie which accrue in the vinous, and it is effected 
■t the same degree of temperature. Although the internal motion is les* 
Tiolevt, it still eiistSf and ia accompanied by an escape of carbonic acidf the 



k 39. Give the proeess tor the formation of sulfuric ether. 

40. Describe the ttructure and operation of the apMcgiitie lamp. 

41. What fermeutatioD foUoir* the vinous, and what does It produocF 
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temperatare of the liquor rises, and it becomes at first turbid, and aftervards 
clear. When the process is completed not an atom of alcohol reoaaiDS, the 
vhole being converted into acetic acid(42). 

Emily. Pray what is the precise difference between Tinegar and ace^ 
acid? 

J^frs B. Vinegar is sometimes made from wine, sometimea from cider, 
beer, infusions of sugar or molasses in water, or other similar mixtures, to 
which yeast or some other ferment is added. When the acid is formed, k 
is necessarily mixed with whatever vegetable matter the liquid contained, 
end receives different flavours according to the diflference in these materials: 
this mixture constitutes vinegar. Its sour taste, however, ia derived ex- 
clusively from acetic acid, which we can obtain in a separate state. Its 
taste is then simply, but intensely, acid(4d). 

A very fine vinegar is now prepared from what has been called the pyr9- 
U^neous acid. When wood is converted into charcoal in close vessels, tor 
the purpose of manufacturing gunpowder, if the vapour that escapes from itii 
condensed, it forms an extremely acid liquor, which has received the name 
o^ pyroligneons acid: the fluid thus procured contains tar, and several otiier 
impurities. The acid when separated from these impurities is found to be 
the acetic. The process of preparing it has been brought to great perfection, 
and a very fine vinegar is now obtained from it(44). 

Caroline, Tiiere is one common fermentation which scarcely appears to 
belong to either of those which you have mentioned, and it certainly does 
not appertain to the putrefactive: I mean the fermentation of bread. 

Jlir* B, This at one time was called the pannary fermentation^ tod 
was believed to be peculiar in its character. The prevalent opinioa now 
is that it is identical with the vinous. The yeast acting upon the fecaU, 
produces the saccharine and vinous fermentations; carbonic acid is diseo* 
gaged, which, being entangled by the dough, causes it to rise, as it is called, 
by filling it with numerous air bubbles, which give to it its spongy texture, 
or lightness. In proof of the truth of this theory, ^alcohol has actiuUj 
been detected in dough(45). 

Caroline, I believe that the putrefactive fermentation completes Toor 
list of these processes, and that it is the termination of the vegetable exist- 
ence, completely undoing the work which organization had effected. 

J[Ir8 B. The putrefactive fermentation", although more strongly 
marked, and more rapid, in animal than in vegetable substances, does evi^ 
dently take place in the latter. Moisture, a sufficient degree of beat, sod 
access of air, are necessary to this process. The principal solid product is 
vegetable mould, which consists of carbon, combined with some oxygen sad 
hydrogen; water, a little acetic acid, and probably some oily matter cod* 
stitute the fluids; and carbonic acid and light carburetted hydrogen, thegasei 
But from those plants which contain nitrogen, sulphur, or phosphorus, pro- 
ceed ammonia, and portions of some other compound gases, resembling those 
which were noticed at an early part of our last conversation, as resulting 
from the decay of animal matter(46). 

Emily. We have traced these substances to their state of final disorgan- 
ization, and it would be delightful now to follow them to their resuscitation 
in new forms, giving organization, life, and beauty to other vegetable be- 
ings, of which they are prepared to become the nutrimenL 

Mrs B. This .would certainly be a most worthy object of inquiry; bat 



42. Relate the circumstances attendant on this fermentation. 

43. In what consists the difference between vinegar and acetic acid? 

44. How ia pyroligneous acid procured, and what is its nature? 

45. What is observed respecting the fermentation of dough? 

46. What are the general products of the putrefactive fermentation? 
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kt "belongs to the department of vegetable physiology^ rather than to that 
of ehemistry. This subject has been so ably and agreeably treated by 
l^rs Marcet in her "Conversations on Vegetable Physiology," that I can 
promise you equal pleasure and advantage from a careful perusal and studjr 
of that work. * 



CONVERSATION XXX. 

ON ANIMAL CHEMISTRY. 

The Constituent Principles of ,Mnimal JIfatter found in Vegetables* 
Their Proximate Principles more Complex. Fibrin. Albumen. Fining 
of Wine, Coffee, £sfc. Crelatin, Glue, and IcthyocoUa. Osmazome. jPro* 
ces0 of Tanning. Adds existing in the Animal System. Animal OiH 
and Fats. Stearine and Elaine. J^fargaric and Oleic Acids. Glycerine* 
JiiUpocere. Formation of Oils from their Constituents. Milk, Cream^ 
Casseous Matter «r Curd, Whey, and Rennet. 

J^rs B. We have now, young ladies, arrived at the last division of out 
sabject, akikax ghsmistrt. In this department are comprehended the 
most complex and -wonderful of all the Creator's works. The proximate 
principles found in the beings which form this kingdom, iJthough less nu* 
merous than those of vegetables, are still more dependent upon the control 
of that mysterious principle, life; as the large quantify of nitrogen which 
most of them contain, gives them a constant tendency to undergo the putre«» 
&etive fermentation, in which those extremely offensive gases are disenr 
gaged which distinguish the rapid decay of animal matter(l). 

Emily. As all animals ultimately derive their nourishment from vege^ 
tables, it seems strange that they should be more complex in their compo-* 
sition than the substances upon which they depend for sustenance. 

Jlfr« B. All the constituent laaterials of the animal economy have fto» 

tnally be^ discovered in certain vegetables. Nitrogen exists in wheat, and 

in manz fbier plants. But animals are surrounded by an atmosphere it& 

'whicliivbs principle abounds, and from which they might obtain it were it 

entirely absent from their food(2]. Besides the oxygen, hydrogen, carbon» 

and nitrogen which animal substances contain, sulphur, phosphorus, iroiiy 

lime, and other earthy as well as saline ingredients are found in them, in 

\ notable, and sometimes in very considerable quantities. Each of them alsp 

has been discovered in certain plants. It is in the proportionate quantitiesi 

' and the mode of combination, therefore, that the difference between anim^ 

' and vegetable products principally consi8ts(3). 

' CaroUne. I am glad that the piroximate principles of animal matteiv 
although more complex, are not equally numerous with those of vegetables, 
as we may the more readily become acquainted with them. 

J/r« B. The first of the animal products which I shall describe it 

FiBBiar. This constitutes the principal part of the flesh, or muscles, and ia 

contained also in large quantities in tfte blood. Fibrin may be obtained by 

\ ^Bgesting lean meat in succesaive portions of water until all the colouring 

t ^ 

ft 

1. In what do the animal principles differ from those of vegetables? 
' d. What are the sources from which animals may derive their eon* 

stituents? 
, 3. What further is remarked respecting these eombinations? 
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matter is discharged, and the soluble portion dis8olyed(4). It thea appear 
as a white, fibrous substance, which is insipid, inodorous, and insoluble i 
water at common temperatures. 

Fibrin when moist possesses some elasticity, but when dried it become 
hard, brittle, and semi-transparent. If allowed to remain in a moist stae 
it soon putrefies, especially in warm weather(5). 

Caroline. As fibrin is the basis of the muscles, it must be among &2 
most abundant of the animal principles. 

Mrs B. It is so; but there are two others, albumen and gelatine, whici 
are found in most parts of the system, although in smaller quantities tha 

fibrin. 

Albumeut may be seen, in a form almost pure, in the white of an e^. 
The serum, or white part, of the blood also contains a large portion of H, 
and the same may be said of the fluid which serves to lubricate the joina 
In these instances it exists in the fluid state; but it also forms a part of 
many of the solids, such as the skin, and the membranous coating of the ti* 
rious vessels. Its most distinguishing property is its coagulating wheJ 
heated; and a similar change is produced in it by the action of acids, of 
alcohol, and of some other agents(6). 

Emily, This coagulation by heat is familiar to us in the white of ibe 
G%'^y which, unlike most other substances, becomes harder by boiling. 

Mrs B, Albumen, when pure, coagulates at a temperature of one hnn» 
dred and sixty degrees, and when diluted with water it undergoes the same 
change at the boiling point. Even when mixed with one thousand times its 
weight of water, the temperature of two hundred and twelve degrees viD 
render the water milky and opake(7). 

Emily, I suppose, then, it must be this property of coagulating which,is 
some way, causes the white of the e^ to clear cofl^ee and other liquids. 

•Mrs B. It is. When the white of an egg is mixed with coffee, it coagoi 
lates by boiling; this renders it insoluble, in consequence of which it falls 
to the bottom, entangling and carrying down with it, those minute particles 
which would otherwise render the liquid turbid. Albumen is mixed wid 
"wine for a similar purpose. The acid and the alcohol contained in the 
wine, conspire in producing the same kind of coagulation, and in this vtj 
the wine is fined or rendered clear(8). # 

Caroline. I have often observed the peculiar effect producedjapipon i 
silver spoon, when left standing in a boiled e^^-^ it becomes not only tir- 
nished, but sometimes almost black. In what way can albumen prodnc* 
such an effect? 

JWrs B. Albumen, as found in the white of the egg, contains a small 
portion of sulphur, which, when the eg^ is boiled, unites to hydrogen, and 
produces sulphuretted hydrogen in sufficient quantity to produce the effect 
of which you speak. Silver and some other metals are attacked and black- 
ened by this ga8(9). 

The third of these most prevalent animal compounds, is geultiki, or 
JSLLT. This is the chief ingredient of the skin, and it is largely contained 
also in the cartilages, tendons, membranes, and bones^ From these sub- 
stances boiling water separates and dissolves it. The solution, thus obtained, 
becomes more or less solid, on being allowed to cool, and receives ths 



A. What \% fibrin, and how may it be separately obtained? 

5. By what properties is it distinguished? 

6. In what substances is albumen found, and what are its properties? 

7. At what temperature does albumen coagulate? 

8. How does it operate in clearing coffee, and in fining wine? 

9. From what oause does an egg blacken a silver spoon? 



ON GELATINE. SOI 

iMtmes of gluey nze^ or jeUy^ aoeording to its oonaiitenee^ and the purpose 
to which we deaigato apply it(]0]. 

Caroline* . But sarelj oommoii glue, and calves' foot jelly are not ex- 
actly the same substance. 

Mra Bp Their property of forming a jelly when cold depends entirely 
npon the presence of the same principle, gelatine» Glue is made by boiling 
tbe ears, feet, and refuse cuttings of the skins of animals in water, and evapo- 
rating the fluid to such an extent, that, on cooling, it should form a very hard 
jelly. This is after wurds cut into slices, and dried on netting stretched upon 
frames. The only difference between this and the jelly from calves' feet, or 
from isinglass, is the freedom of the latter substances from the impurities 
which accompany the former(ll). 

Emily, I have understood that isinglais, which is sometimes. called ^«A 
gitie, %• furnished by some species of sturgeon, but from what part of the 
fishfl do not recollect 

Jm'8 B, Its most proper name isiclUhyocolla. It consists of the membra- 
nous sounds of several fishes of the sturgeon kind, and being a very pure 
apeeies of gelatine, it is frequently employed where culinary preparations 
oi" jelly are required(12). 

The horns and hoofs of all animals yield a considerable quantity of ge- 
latine; the earthy matter of the boners is completely penetrated by it. When 
such substances are boiled in water, especially after being reduced into smidl 
fragments, or shavings, the gelatine is separated from them, in consequence 
of its great 8olubility(ld). 

CaroSne. Does not the nutritious property of soup depend entirely 
upon the gelatine which it contains? Rich soup, I have observed, always 
forms a jeUy when it is cold. 

JIfra B, All the soluble parts of the flesh and bones, used in the mak« 
iog of soup, are contained in it, and the portion of gelatine is usually 
considerable; but pure gelatine is without taste or smell, and you would 
not speak very highly of soap which resembled it in these particulars. The 
characteristic taste and odour of soup depend upon the presence of a pecu- 
liar principle which is called osvazohe. This is a soluble substance of a 
yellowish brown colour, and which has no tendency to solidify when 
cold(14). 

JEmUy. We must not forget that- the explanation of one of the important 
properties of tannin^ was deferred until we had acquired some knowledge 
of gelatine. 

lMr» B. I am gratified at your reminding me of this fact You are 
aware that the conversion of the skins of animals into leather, is perforxfllpd 
by a process called tanning. In this process a chemical union is formed 
between the tannin which is contained in the bark of certain trees, (particu- 
larly that of the oaks), and the gelatine which forms the principal ingredient 
in the j^kins of animais(15 ). 

JEmily, Pray how is this operation performed? 

Jifra B» After the removal of the hair, the skin is exposed to the action 
of a solution of tonncn, derived from substances containing considerable quan- 
tities of this principle, and which are disposed to yield it readily. The wmal 
method is to infuse coarsely powdered oak bark in water, and to keep the 



10. In what parts \%ffelaHne contained, and what property di stinguiahes it? 

11. From what is common glue made, and how ia it manufactured? 

12. What ia icthyocoUay and from what animala ia it procured? 

13. From what other parts of animals may gelatine be obtained? 

14. From what substance are the odour and flavour of soup derived? 

15. In what does the process called tannine consist^ 

2 A 
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akin immened in this infatfoB for ft certain 1ei^|di of tinie(16). Doriiq^ (fe 
performftnce of this proeen, liiieh is slo v and gradnal, the Ain is 6mad 18 
inerease in weight, to aeqaire considerable tenaci^, ^id to become nenJ^ 
impermeable to water. The effect may be mneh a ccelerai ed bj' onn^ soli- 
tions strongly satarated with the tanning principle, (which ema be e xtr ad e l 
from bark), instead of emplojing tiie bar^ itael£ Bvt tius ^wek mode d 
preparation does not appear to niake leather eqnally good with that obtidBei 
more slowly(17). 

CaroUne. Then the eflfect of tannin^ upon the ikins of niiinftlsy is tt 
render their gelatine insoluble in water? 

Mr» B. Such is the change produced, and yoa hare in Ais cane mi ex- 
ample of the combination of two soluble substances, tumin nnd g^atine^ 
muting togedier, and forming an insoluble material, leadier(18). 

CaroUne, I wirii the chemist had found some odier name for tuliiin; ft 
so closelj resembles that of the process of tanning, that I hare wXwnm t> 
pause in order to ascertain which of the two is the subfeet of retaari^ As 
effect produced, or one of the agents necessarj to its prodnction. 

Emily, If leather consists of tannin, combined with glue, miglit it not be 
manufactured by mixing these two materials together? 

Jifrt JBs I hare in one of these glasses an incision of gall irata, wlnek 
consists in great part of tannin, and in the other, some giae difihsed in 
water; I will poor these together, that yon may observe the effect pro- 
dnced* 

CaroUne, What a copious precipitation! How readily yo« hare aoiiTeit' 
ed the two into leather(19). 

Mrt S. Chemically speaking die eomponnd is leather; but tihen it h 
leather divided into minate particles. Were we to press theae {Hutides 
together, we might form them into a sheet like paper; but erea diea it 
would possess little tenacity, as it would not have tlie fibrovs Btraetore fi 
the organized skin, which is necessary to give to leather that toughness ai 
streng^ without which it would be of no value(90). 

An infusion of gall nuts is so delicate a test for gelatine, as to preeipitatt 
it although the gelatine xaxj be mixed trith five thousand times its on 
weight of water(Sl). We must now dismiss gelatine and examine sooie 
other of the animal compounds. 

Emily, We frequently hear of acidity in the animal system; there iS) 
therefore, I suppose, a class of animal acidt. All the simple substanees 
which exist in vegetables, are found in animal matter also, and are likdy 
therefore to form analogous combinations. 

0^t B, Portions of the sulpha ric, phosphoric, mnriatie, and acetii 
acids, are found in the animal system; but it also contains others whinh be* 
long exclusively to it(22). Like the general animal prodacts, howeveri 
tfie animal acids are fewer in number than those found in vegetables; nor 
are they of equal importance. Acids are not unfrequently- the piw^ 
dttets of diseased action, or of the decomposition of animal substances: diey, 
however, are not of a nature to require our attention(dd). The most 
rwnarkable of the acids belonging to the animal kingdom, are those which 



16. What is the method usually pursued by the tanner? 

17. What changes occur in the skin, and is the operation rapid? 

18. What is exemplified by the union of tannin and ffdaUne? 

19. What experiment is mentioned of mixing two infusions? 
90. What is remariced respecting the substance produced? 

tl. What is menUoned respecting the infusion of gall nuts as a teat? 

SS« What acids are found existing in animals? 

Si* What ii remarked respecting some other acids? 
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C9ust Itt Um aninud ^2t and fattf or whieh are formed by tbam irlieii tlk^J 
ure converted into soap, or submitted to otber cbemical processes. 

Caroline, Altbougb I know that the animal oils eombioe with alkalies, 
At>d thus exhibit one of the characteristic properties of acids, still they are 
axn.ong the last of the animal products in which I should have looked for 
thein(34). 

JWr9 i. You will presently find tbat the combinations to whieh you 
l^are alluded are actually those of acids and alkalies, and that soap, there- 
fore, strictly speaking, may be placed among the lalts^ 

nThe AxixAL OILS and tats do not contain nitrogen, and are nearly iden« 
^G«l in their composition with the fixed vegetable oils; the same ultimate 
principles, carbon, hydrogen, and oxygen being the constituents of both* 
TChej also answer equally well for the purpose of giving light, the manufaor 
isre of soap, and the other uses to which such substances are appUed(25). 
JSmily. But, Mrs B., there must be some great difference between the 
eom position of oils, and such iats as suet; the former are fluids, and the 
latter solids. 

J^s JB, The fixed oils and fats are not pure proximate principles, but 
consist of two distinct substances, one of which at common temperatures Is 
•olid, whilst the other is fluid. The former is called stsabiitx, the latter 
xxAZinB(26). The more solid fats, such as suet, consist principally of «tea- 
rinCf whilst the more fluid of the oils are almost wholly elaine. Those 
which are intermediate in consistency, are so in consequence of the propor* 
tionate quantity of these principles contained in them(27)« 

Emily, That accounts very satisiactorily indeed for the different degrees 
of hardness in these substances, but you have intimated that the oils and 
latB, if not actually acids, are capable of becoming such. 

Jlirs S,. It has been discovered that when these fatty matters are com* 
hined with alkalies to form soap, a new arrangement of their elemepts takes 
place, two acids being formed, one of which is called tnargaric and the 
other oleic add: both of these combine with the alkali, and thus produce 
•oap(98). During the process, a third principle is separated from them 
vhich has received the name of glycerine. This is a transparent liquid* 
which is inflammable,, has neither taste or odour, and, unlike the oils, it 
soluble in water(29). 

Caroline. The mar^Lrle and oleie aeids, yon have told us, exist in com- 
bination with the alkali, when soap is formed^ but still they must be scptov 
rable from each other, or their distinct natores could not have been known^ 
Mrs B, Soap made with potash may be considered as an oleate and mar» 
giarate of that alkali: these aeids can be s^arated from each other by means 
of alcohol, one of them being soluble, and the other insoluble, in that 
ftuid(dO). The margaric acid^ when obtained alone, is a brilliant white 
joUd, of a pearly lustre and crystalline texture. It has an appearance 
somewhat like that of spermaceti, but more beautiful. Manufactories have 
been established for proeuriag it from lard, and excellent candles are 
made from it(3i). 

Oleic acid is a colourless, oily fluid, which does not congeal until its 
temperature is reduced nearly to sero*. In the conversion of suet into soap. 



84. What annual mbslMioes is it said assume the eeid form? 

85. What is observed vespecting the animal tiU wad fat*? 

S6. Of what two pcinoiples do the different oils and iats consist? 
97, For what cire«mstance respecting them does this account? 

58. What is observed respecting the fiMrmatioa of two aeids? 

59. What third principle do the faU contain? 

SO. What is said of the separability of margaric and ol^ mdde? 
91* What are Ike appearaoeeead use of margaric acid? 



*r. 



301 CONVERSATIONS OK CHEMISTHT. 

a third acid, ealled •tearic^ hAt also beea detected; it liears a strong^ xesca- 
blance to the margaric(32). 

Caroline. In the progress of diseoverj it seems likely that the chemiib 
irill make the catalogues of animal acids and of the other animal prodacts, 
as extensive as those of vegetables. 

JUra jB. Thei-e is reason to believe that other acids are aetnallj gaie> 
rated fi*om different kinds of £»t, in the process of taponification., or eoa- 
yersion into soap; but these are not to be eonfonnded with those principlei 
which exist ready formed in the living system(d3). 

- Emily. I have read of the conversion of animal muscle into a sabstanee 
which has some resemblance to spermaceti; a change said to be prodncel 
by the inflaence of water. 

Mrs B. Sach a change does actaally take place when fi-esh muscle h 
exposed to the action of water, or of moist earth. The substance so pro- 
duced has been called adipodre^i^). Chemists^ however, are not agreed 
as respects its nature^ some think it a real conversion of fibrin into adipo- 
cire; others contend that the fibrin is merely removed from the fiittj matter 
which originally accompanied it; and others, again, that the substaiice ob- 
tained is a species of soap, containing a considerable portion of margarie 
acid(S5). 

Caroline. As some of the proximate principles contained in vegetables, 
are capable of being transformed into others of the same class, there appean 
no good reason to conclude that the same may not be the ease to a macli 
greater extent than is now known. Why may not oils and fats, therefoft^ 
be produced by a new arrangement of the parti<des of those sahstaaeet 
which contain their constituents? 

Mrs JB. Thus to produce them is certainly not beyond the probable 
triumph of the chemical arts; indeed it appears that substances resemblii^ 
oil have actually been generated by causing the bases of certain gases whick 
eontain its constituents, to combine together(36). 

Berard, a French chemist, mixed together carbonic acid, hydrogei^ and 
carburetted hydrogen, which he passed through a red hot tube, and obtaked 
a white crystalline substance, having the general properties of spermac^ 
In the hands of another chemist a similar result followed from a mixtore of 
coal gas, and aqueous vapour(d7). 

Emily. Both stearine and elaine must enter iato the compoation of 
«iUk^ as we are furnished with butter from the cream contained in IL Hwie 
must, however, be several other principles besides these in this liquid. 

M[r8 B. Milk, as it was designed by the great Author of our existence 
to be, for awhile, the sole nourishment of anifoal nurslings, consists of 
those ingredients which are most easily digested and assimilated. Its most 
abundant principles are creamy caaeous matter or curd, and •whey(3Sy la 
these are also contained a saccharine substance, called sugar of mUk; am- 
riate and phosphate of potassa; phosphate of limes acetic acid; acetate of p^ 
tctssaj and a trace of acetate of iron. All the subsUnces, therefore, which 
%re required to form the solid and the fluid parts of the growing animal, are 
contained in this single fluid(d9). 

Caroline, The three prinoipil oonstitneats of milk appear to be very 



32. What of oleic acid, and what is said of stearic acid.^ 
S3. What general remarks are made respecting such acids? 
34. In what way is the substance call^ adipomre iorpktA} 
S5. What different opinions have been entertained respecting it? 

36. What is observed on the possibility of forming certain bodies ? 

37, What examples are given of the forming- of oils? 
\ What are the principal substances in milk? 

What other articles have been detected in this fluids 
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looseljT eombined; m tiie eretm rises spontmeoiiftly to the snrfiiee, and t^^ 
•urd and whe^ will afterwards separate from each other if the milik -^^ 
•lloved to become sour, or If a little rennet is poured into it(40). 

Jlir9 B. Sach is the faet: this separation, however, is bjno means a peJP* 
feet one. When the oream rises, it earries with it a portion of the easeoQS 
matter ihd of tiie wbej, which, in the process of churning, separate in the 
foTta of botterroilk(4l ). Tlie curd also retains a small portion of the cream. 
When m3k is intended to be made into cheese, no part of the cream should 
be separated. Good cheese is, consequentlj, rarely produced in thost 
dairies where much butter is made; tlie former being robbed for die sdte of 
the ]atter(4S). 

CoTQUnen What is rennet, and how does it operate in eaasing the eord 
to separate from the whey^ 

Jlfr» B. Hennet is made by infusing in hot water the inner coat of the 
atomaeh of a calf: its peculiar property is derired from the gastric jidce, ofi 
ivhieh we shall speak hereafter(43). Either rennet, or acids, will produce 
tbe^eoagulation of the curd, but their mode of operation is not well under* 
•tood. When this coagulation is effected in new milk, the cream is en« 
tangled with the caseous matter, and a rich cheeae may be made from it; 
but the curd, alone, produces a cheese which is altogether unfit to be used as 
$sk article of food(44)» 

Emify. Cord, then, as usually obtained, is not pure easeous matter. 
' J^fr9 B. By no means. To procure pure comoim matter^ it must be 
obtained from skimmed milk, and be well washed with water. It is tiien 
white, insipid, and inodorous, and bears a considerable resemblance to albikv 
«ken, although it is by no means the same substance(45)» 

CavUne. The organs Y>f digestion and secretion may well prepare and 
appropriate the v^rtoutf substances required for the nourishment of the sys- 
tem from ad «rtiele so wdll adapted to this purpose as milk. But it ap« 
pears really surprising that the delicate machinery intended for these pur* 
poses is not totally deranged and destroyed by the various heterogeneous 
and indigestible cempounda with which luxury and fashion induce us to 
pamper oar appetite. 

Mf B. The proeesa of digestioof some inquiries into the nature of the 
blood; the operation of respiration, and the production of animal heat, will 
fiorm the principal topics of our next, and last, conversation. I, however, 
shall then direet your attention to some other particulars which have hitherto 
been but slightly noticed. 



40. What proves that the cream, whey, and curd, are loosely combined? 

41. Does this separation appear to be a perfect one? 

42. What is remarked respecting the liiaking of good cheese? 

43. How is the rennet obtained which is used for coagulating milk? 
44 What fiirther remarks are made on the eoagnlation of milk? 
45. How^may pure ca9e9u$ matter, or curd, be procured^ 
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CONVERSATION XXXI. 

ON DIGESTION, SECRETION, ANIMAL HEAT, fee. 

Formation of Chyme and Chyle. Bile, ii» Secretion and Use. The Gof 
trie Jtdce. Itt remarkable Solvent Peiver, CircvlaHon of the JBloed, Jt* 
terial and Venous Blood. Chang-e produced in the Blood by ResfiraAmL 
Priestleif^s Experiments on tlie J^ects of Oxygen on Venous Blood. Per- 
meabiUty of Jtfembranes, Carbonic Acid exhaled from the Zning^s. Amwul 
Beafin^uenced by Respiration. Conclusion. 

Mrs B. We are to eommence to-day vith the tsocess ot BTsssnoir, 
nrhich is, necessarily, the first step towards nutrition. This process is per- 
formed in the stomach, and is effected principally by l^e agency of the gastrii 
juice, a fluid secreted in that organ. Other fluids, vhich are supplied finHl 
other sources, however, lend their aid in carrying on this operfttion(i). 

The food is intimately mixed in the stomach withdiese julees, is dissolfed 
and conyerted into a semi-fluid, pulpy mass, which is denominated csm 
It is from this mass that the absorbent vessels , called the lactecUsy select tiiose 
. particles which are destined to nourish the wliole 8ystem(«). 

Caroline. And how do these lacteal vessels operate in making this ie« 
lection? 

Mrs B, That is a question which I cannot answer, and for reasons 
which on a moment's reflection must be apparent to you. IVe know hov- 
crer that after the chyme hks been prepared by the gastric jnice, these he- 
teal absorbents, which are situated in that part of <|ie intestittal eanal wfaick 
the chyme first enters, obtain from it a white opake fluid, to whi^ the nine 
o( chyle has beenappropriated(3). 

Chtlx, when fresh, possesses an appearance much resembling milk, fti 
tAste is sweetish, and at the same time somewhat saline. After exposore 
for a few minutes to the air, it coagulates, and eventually separates into i 
solid mass, and a limpid fluid much like the serum of the blood(4}. 
' Emily. Thi-s chyle must, of course, like milk, contain all the ing^rediend 
necessary to the nourishment of the body; but in what way do the laetesli 
dispose of it? 

Mrs B. It is conveyed by them into a tube which is named the thoracii 
ducts and by this it is carried into a large vein, called the subclavian wth, 
trhere it mixes with the blood, and is itself soon converted into Hiat flttid(S). 
It is from the blood, that all the materials are supplied which support the 
growth, or supply the w^ste, of the system in all its parts, whether fluid or 
solid(6). 

Emily. How numerous must be the absorbent vessels, and how Tarions 
and distinct their offices! Well indeed might David say that ^ we are fear* 
fully and wonderfully made. *' Are these various secretions to be attributed 
to ohemioal afflnity, or to some mysterious mechanical filtration? 

Jlfrs B* In many parts of the body, numbers of small vessels are col- 
eoted together in little bundles, which are called glands, from a Latin word. 



1. What is observed respecting the process of digestion? 

S. What is the first change produced in the food? 

S. What is the office of the lacteals, and how are they situated? 

4. What are the eharacteristics of the fluid ealled chyle? 

5. How is the chyle conveyed, and into what is it sonverted? 
€. From what does the system derive its nutriment? 
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meaiiiiig an acorft,«B tome of them ape llibtiglit to resemble that frtritin their 
Form. The office of the glands is to secrete, or separate, certain matters 
&*om the blood(7). 

The animal prinei^es ore not 'separated from the blood by niere mechan« 
te&l filtration, but are ehemieally produced. The substances thus formed 
are not contained ki the blood, although their constituents ei^ist in that fluid. 
The secretions are of two kinds; those which' consist of peculiar animal fluids, 
m» bihej tears, 90Uva, &c.; and those which form 'the general materials of 
the. animal system,, for the purpose of recruiting and nourishing the several^ 
organs of the body; such as albumen, gelatine, Audjibrin: tlie latter have 
aom^mes been distinguished by the name of nutritive 8ecretions{H). 

CtwoUne^ I am quite astonished to hear that all the secretions should be 
derived from the blood. I thought that the bile was produced by the live^. 

J^Brs M» So it is; but the lirer is nothing more thjm a very large gland, 
which secretes the bile from the blood(9). 

CaroUne» BUe must answer some useful purpose, or so large a gland 
wonld not be provided for its secretion; yet it appears to be a frequent cause 
of disease. This, I suppose, arises from its excess. 

JHrs JB* With the- uses of biIiS, we are not very well acquainted; but it 
appears to act an essential part in the eonyertton of ohyme into chyle, and 
to operate as a general stimulus to the intestinal canal. When the secre- 
tion of bile is arrested, or its passage into the intestines obstructed, those 
diseases are produced which fully indicate the importanee of this fluid to 
our well being(lO),^ 

CaroUne. The gastric juice, which is contained in the stomach, and 
•f which you hare spoken as the main agent in producing the solution of the 
fiyod, is^one of which we are anxious to learn somethingfurther; This fluid 
SQittst be a most powerful solvent. 

Mrs B. The -sensible properties of the oastbic tvicz, would nerer 

have led ns- to tile Mnfe^ence ^at it possessed any exlradrdinary solyent 

power. When olstained from the stomach, it is a transparent fluid, the 

taste of which is slightly saline, without any indieation of the possession 

* either of acid or alkaline properties. During the period when the process 

^ of digestion is going on, howeyery free muriatic acid may be detected in 

' it(ll^ 

Kndhf^ It appears most astonishing that such a fluid should act with the 
\ power it does upon solid animal and vegetable matter; but may it not, in 
' &ct, be greatly aided by some mechanical action of the stomAch itself? 
JMrs B. Although the gastric juice is,'in appeu*aitce, as simple a fluid as 

salvra, its solvent power is a fact most satisfactorily established. Meat, and 
' other alhnentary substances, mixed with it and kept' at about the temperas- 
' lure of the body, are entirely, dissolved by it To proye that in the living 
f animal, the solution of the food is altogether a chemical process, such sub- 
t« stances as are usually eaten have been enelosed in tubes or balls of silver, 

perforated with holes: these have been swallowed, and the contained ma« 
' terials haye been as completely acted upon, as when eaten in die usual 
' way(18). The gastric juice is powerfully antiseptic; not only preserving 

flesh which is immersed ia it, butaetoally removing the taint from that in 

whieh ptttrefiietioa had eommesGed(ld)« 



7. What is said of the glands tod their oMce? 

8. What remarks are made on their mechanical and chemical action? 

9. What is the liver, and what fluid is secreted by it? 

10. Whatissaldvespeetiafthbvisesofthe&Te.? 

11. What is first* remarked respecting the gastric jviee? 
IS. What; '(»roof is ffivea 'Of its cxtniordinary solvent power > 
13, What other twiaytaiMe proper^ isipdwessed by^lt? 
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C€tr9Ume. A& alehemitt, vlio boMted that kohftd ^MMveced tb» 
vensl solrent, was maked in wliat Tesiel be eould ke«pit Mty Ye«l 
with eqaal propriety inqvire how this mftiTersal solvent of aaioud wkiliM 
•an be eontained in the stoniMb^ wliieh is itself as saiBud orgaii(U)l 

M-i 3. This eiroiimsbaioe affords one of the aMit remarlubk eTiJi» 
ees of the eontrollin^ power of the liTing prineiple, vhkh, diiriog Ae 
existence of the anbnal enables it to resist the operatioft of this setiiea^ 
upon the eoats of the stomadi. It ia a iaet, whieb has beea wdl tm^ 
ed, that, after death, the gastrie jniee begins immedistely to oponte^ipa 
this organ, and dissoWes it as it would other animal matter(lSV 

Emilg. With all his aequnvments and diseov^es, how Umite^ ii k 
power of man ! How perpetaally he fUla even in the attempt to imitite une 
of those compounds with the eonstitation of which he has become fimiMr 
acquainted! Yet, by the hand of nature they iqipear to be formed limA 
without an effort. 

Mr» B. We hare traced the nutritious p«i of our food tbioiq^ w 
lacteals into the thoraeie duet, and thence into a veiii called the tobeUfiii> 
in which it mixes with the general mass of the biood(l6). Keitker ttetom 
which ^e bare to devote to the inquify, nor th<4 sUfcc of year vuAmm 
knowledge, will admit of a rery minute ezamination of the tmneatifVi 
eonnected with the passage of this fluid through the veins and «^^ ^ 
indeed does this inquiry properly belongs to the province of the eheaui 

You have frequently heard of the oixoirikAXiov or M »»«»» **** "^ 
Caroline, in what you understand this proeess to consist. , . 

Caroline. The idea that I have of the circulation <rf the WooiM^ *Ji 
runs fipom the heart as iti fountaitt, through all the vemsof the ^»j"V 
by them carried baek again to the heart I do not pretend, kowew, »J 
knowledge upon this subject, as it is one into which I have ■*'*'*"?«« 

JSfwYsr. There must be somethmg more in the eireulatioa thM 7" 
mention, as Ike blood runs through artw ies» as well as. throogh ^^ 
idthough, like yourself, I have but litde information eonceraiaff 9Bim 
yet I know that there is a differenee betweeu the blood in the aitene^ m 
that in the veins. j 

Mr$ JB, The heart is a strong muscular bag, posseaslng the p^^ 
alternately expanding and contracting, by which operation it fiwt reea ^ 
the venous blood into its cavities, and theiklfiirees it out again, '^^<*°7. 
keep up iU eirculation. The arteries are vuasels which receive the t^ 
directiy from the heart, and oonvey it to all the extreuties of the J^ 
Those into which the blood is forced, are large, bi^ they &am n^^ 
branches in their eourse^ and termim^ in a eouatiesa number o"^^]^ 
minute tubes. From thoae, the blood ia reoeived by the veia^ vhiM 
duct it baek again to the heart(17). ^^ 

Caroline. Fnj in what respeet does the Uood di^ hi <^f ^* *[% 
teasels, which appear so similar, mA ao evideBtiy eoutribaU » 
sune end? . 2^ 

JI&9 Jf . Whilst etreulatlng through &e arteriea^ Oia blood i» » ^ "^ 
red eoloar, but in the vems its hue ia that of a veiy dark V^^^ 



are already informed that the d&ffiereait glands secrete the solid* sw^ 
which are required for the support and su^y^ the whole ■y***!^'the V^ 
secretions are all effected during the passage of the blood throagh *^. . ^ 
lies, and it is thus deprived of a large portion of those principle* *u totN 
necessary to the carrying en ef the animal functioAK This redueei » 

14. What question is adced respectmg tiie gMteie jaMoe.^ 

15. What observations are made in reply to this>^neatiaa? ^ 

16. Repeat what has been said ou the first formsMliaa of the blfiO^ 

17. In what W17 ia tiie ehv^tfatien ef Ijhe bleed ianM «a? 
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tftate in -which it exisU in the veios, through whieh it is returned to hftve its 
po^Brer renewed(t8). 

CaroUne, This renetral, I rappose, is principally effected by the fresh 
supply which it receives from the thoracic dnctf bat that does not appear to 
me to account in the least for the great change whi<^ takes ^lace in its 
colour. 

•7Kfr« J9. The change in the colour of the hlood is produced in the act 
<$f respiration, of -which I shall speak presently, hut I will first give you 
some information respecting the composition of this vital flui€l(19), 

BiLoon, when first drawn, appears to the naked eye to he a homogene* 
o^s fluid; hut if examined by the microscope, it is seen to consist of nu- 
merous little red globules, floating in a colourless liquid. In a short space 
of tin^e its compound nature is rendered perfectly visible, as it soon sep&* 
rates into two distinct parts; one, a yellowish transparent fluid, called the , 
serum; the other, a red mass, known by the name of the doty or croHBOf 
tnenfMni(2(>). 

Emily. You spoke of the serum in our last conversation, and mentioned 
its containing a large quantity of albumen. From the abundance of this 
pTTnctple, it will, of course, become solid, if considerably heated. 

J^IBra S. I noticed the use of albumen in clarifying different liquids. In 
consequence of its containing so much of this principle, the serum from, the 
lolood of animals has been extensively employed in the ^refining of sugar. 
The chen^ist; however, has discovered modes of completing this process 
vithoat the use of serum, and there are now many manufactories in which 
it is altogether rejected(21). « 

' Caroline. I am very glad of that, for the idea of the usj^ of blood in 
the making of loaf sugar, was never one of the most agreeab^^ associations. 
3frff B, Besides albumen, the serum contains water, salts Qf soda and 
potassa, some earthy phosphates, and other ingredients. The,n|uriatic sadts 
are sufficient in quantity to communicate to it a sensibly salinet taste(22). 

The crasidmentum, or clot, is more completely aninfiali^ed than the 
serum. Us principal constituent being fibrin, which is idei4i^a| in its com- 
position with that which constitutes the basis of the muscles. T^e colouring, 
matter may be washed out^ from; the red clot, and the fibrin obtained in a 
separate state(23). ,< 

£mily. Upon what particular substance does the red colour of the blood 
I appear to depend. 

Mrs B. This is a point which has been much disputed, and cannot yet 
I he considered as well settled. It is believed, however, to result, principally, 
, from the presence of iron. The existence of this substance in the colouring 
matter of the blood, was long ago detected; and the fact has been confirmed 
hy recent experiments. Its quantity is minute, but as it is contained in the 
colouring matter only, the interenoe appears to be a fitir one, that it is' 
assentially the colouring ingredient(24). 

Caroline. As the bones consist of phosphate of lime, I should have 

looked for the presence of this easA in the hlood; for otherwise the secreting 

Yessels which are destined to nonrish those solid pillars of the body, could 

■^ not obtain their supply. But although the poets have imagined that there 

might be a flow of *' iron tears down Pluto's cheeks," I never expected to 



18. What is observed respecting arterial and venous blood? 

19. In what operation of the system is the change in its colour produead? 
90. What is said of the first appearance and the separation of blood !^ 

21. What is observed of the use of terum in refining sugar? 

82. Whst suhscnteas ara emuaeraled as contaiin^d in the blood? 

SS. What is said respeetiag the cr€U»ainentum^ or clot? 

84. Upon what tahstaase does the eolour of the blood appear to depend? 
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leirn tbe pliUosofOuetl trttth €k«t m Awrmt of Iron vat Mtaiflfioiinik 
way through every part of the body. 

JBmify. By what partieolar operaftioii ef the aystem Uthc venoni, chmsirf 
iftto arterial Mood } The traatformation appears to be performed vkkfroi 
rapidity, as it arrives at the iwart in the former state, and learei it alb 
latter. 

Mrs B* The proeess of SBCTkBATieir will lend as some tid iaieeoat' 
lag for tms ehange, as it appears eridently to take place in tbe Iui|^ ^ 
ter the blood has performed its ftmetioa ef eourishiiif the bo^, itisictRiei 
into one of tbe cavities of the heart, eaUed iu right ventrUU: this, bj ksmiS' 
ealar power, contracts, and throws the Aaid thr«Q|;b a large veueliitolb 
laags, whieh are contig;aous. It eirculates throagh this ergsn by meiMa 
fcssels iaeoneeivably nomeroas, and of a very delicate textare« vfaereks 
exposed to the action of the air whieh is inhaled at ereiy bfuth. Tte 
Okygen of the air acts upon the blood, in a way that deprives it of itjdai 
colour, and gives to it the florid hue, and other properties whioh it P* 
esses in the arteries(25). 

Ccw&a*. But how is this possible ? WhUst the air sad the bkod «« 
completely separated from eaeh other by a aacmbraae, they cannot poaiWj 
come into contact with each othar(S6). . 

•Ifrt B, Your ob^$etion is one whi«A any person unacqi»iBted vi» » 
faets of the case might fairly urge. Dr Priestley first obserfcd that tkepj 
colour whieh is so soon produced open the sur&oe of the blood dnwairM 
the reins, resulted from the action of tbe oxygen contained in tbe i^ 
phere; and he ascertained thaty^hen kept from contact with ^^S^/f 
tained its dark colour. Upon enclosing a portion of blood in * blafld(^ 
found that the same change iras effected, notwithstanding the intareBBa 
of the membrane between the fluid, and the oxygen of the air(37)» 

Emily. That is a Tery extraordinary eirctiaastance. If air «••* f^ 
through Madders, how can hydrogen or other gases be retained in tbeffitt 
state of purity ffir eheraical experiments? ,^^ 

Mrt B. This in fact cannot be done. If a bladder is inflated by JjPj 
gen, a double proeess immediately commences; a portion of thisg*>^ 
through, and escapes, whilst its place is supplied by the passage ^^rZ 
pherio air inwards. The bladder, therefore, will still remain fiiU» ^» % 
toon contain a mixture of hydrogea'and Mmoapherie air, ^^f^'^^jj^ 
and other gases penetrate such membranes with considerable facility* *v^ 
passing out and another in. The gases pass through with ^^^ff^ 
of facility; and it is a fact that a bUdder partially filled with one kmdoii^ 
and exposed on its outside to a gas more penetrative than the ^^^^^"^^^^ 
beeome completely inflated, and, if not vety strong, will borst •pow'^ 
OttsIy(28). 

Caroline, My objeetioB is indeed answered m a very satisfastoiy vr 
ner, and a most remarkable fact at the same time made knova to itfi* 
but for the evidence of experiment eovid scarcely obtain eredenee. ^ 
Mrt B, This penetrabUity of membtaaes is intimately •oo^^'ljii 
the effects of respiration. We inhale atmosphwis air, aad when »» 
discharged from the lungs, it contains thaat one^welftfa p«t »« J^tJU 
acid. A portion of the oxygen of the air hat disappeared, «b^ ^ ^^^^ 
by: a corresponding portion of fixed air. As this occurs, the veso 



95, What farther is said of its cirealatioa and chasgc of tolo«r? .^ 
86. What objection is urged against the acticA of the atff on the fia^ 
fir. In what way is this objection obviated? - ^ 

fiS. What infermatioB it given rencct«v4h« pcnctaatifM^ ^ 
hcaaes by gases? 



OS ANIMAL HBAT. , BIX 

lismnged into arterial blood(S9). It appears therefore that tiie dark hae of 
Jbe former arises from its containing a quantity of carbon, )^hieb, eambiainif 
irith the oxygen of theair^ becomes carbonic acid, and is thus expelled with 
ike breath. The Uood, relieved from its superabuadanee of earboo, as* 
mnea & florid hue, and becomes arterial(dO). 

JEmilt/, This theory of respiration is to me e4{nally gratifying and noreK 
r moat aiacerely reg^t that my want of anatomical kacrvledge ioterferea 
wMlik that foil eomprehensioo of the subject to which an intimate aoqnaint- 
ainoe with the anioial str.uctuj:e is manifestly necessary. 

JUtm £• When the blood has been thus arterialized in the lungs, it H 
Dolleeted into vessels which convey it into the left ventricle of the heart* 
T'heBfSe it is propelled through all the different parts of the body; the large 
irteiy which first receives it, ramiiying, as I have already told yoa^ 
throughout the whole (rame(dl). 

CaroHne* But whence proceeds the carbon with which the venous blood 
beeooaea loaded? I do not perceive that the theory, in any way, accounts for 
ita preaence. 

JS^a Mm Carbon exists in greater quantity in the blood, than it does in 
the oi^gaoized parts of the system. The arterial blood, as it supplies the 
vmrioua aeeretions, parts with a larger proportionate quantity of its other 
eoAadtoeniay than it does of its carbon. It is inconsequence of its own de* 
aoaapoaitioii, therefore, and not from its acquiring any carbon as it passea 
through the arteries, that the blood becomes loaded with it(d2). 

Endty* Were it not for the perpetuity of the operation, the small quan* 
tltf of oarbon given out with the breath would seem to be inadequate to the 
deearboBiaatioa of the blood. 

Mr% JB* The quantity which escapes in this way is really very large. 
It haa been calculated that the carbonic acid which is expelled from the 
laaga in the course of twenty-four hours, actually contains eleven ouneea 
of solid carbon; but from an estimation of the quantity contained in our ordi* 
aary food, it would scarcely seem possible that such a portion can be ez«» 
haled vith the breath(Sd). 

Caroline. This combination of oxygen with carbon, and the consequent 
production of carbonic acid, render the process of respiration very similar 
to that of eombustion; a process which would be attended with some incon* 
venieneaswere it really to take place in the lung8(34). 

Mr9 B* The analogy of which you speak does certunly exist, and tfa^ 
Aeoiy of the production of aitimaIi heat, which has been most generally ad- 
mitted as true by the chemist, has its foundation in the existence of such a 
proees8(35). 

Corolifie. But if animal heat were kept up from this cause, I should look 
for a corresponding portion of light to be disengaged; besides, would not 
the lungs be hotter than any other part of the body? 

•Ifi« M* When the combination of oxygen and carbon takes place so 
slowly that the heat disengaged is not intense,, there is no perceptible lighL> 
The advocates of this theory have attempted to prove that the capacity 
iut heat, possessed by arterial, considerably exceeds that possessed \ry 
veaoua blood; and that the heat which is disengaged by the union of the cai^ 
boA and the oxygen, goes to satisfy this increased capacity, and does not 



■••■■■ 



29. What change takes place in the air which we respire? 

SO. How does &ls appear to operate in changing the e<4our of the Mood? 

91« AfWr it is arterialized, what then takes place? 

8S. In what way does venous blood become charged with carbon? 

SS. What estimate has been made of the quantity of carbon exhaled! 

M. What similarity exists between respiration and combustion? 

4& How haa this been thought to be eonBeeted with ammai hcatf 
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therefore, increase the temperature of the lungs. Thehlood, as itsti^pliei 
the various seeretions in every part of the hody, gradually retams to di8 
state of venous hlood; and as it does so, the heat which went to satisiy tibe 
increased capacity, hecomes free, and is thus difFnsed(d6). 

Emily, This theory seems altogether to remove the difficulty 'wfaiehst 
first appeared to me insurmountable, and implies the principles of chemistiy, 
in a very happy mannar, to the explanation of one of tiie most intereitio{ 
phenomena of the animal economy. 

J^rs B. You must not, however, receive this theory as incontestsU/ 
proved. Some eminent experimenters have denied the tratii of the nun 
fact upon which it is founded, and have asserted that arterial and veaoos 
blood differ but very little in their capacity for heat. It has been ealeidatd 
also, that the quantity of heat given out by the body, very eonsidersbly 
transcends that which would be produced by the combination of the eariran 
and oxygen in respiration^ 37). 

CaroUne, I am sorry that the superstructure, which I at first thought it 
beautiful, stands upon a foundation so insecure; but perhapa>yoa are pre* 
pared to account satisfactorily for the fact you mention. 

J^r8 JB, There has not been a theory proposed to account for it, wbiel 
is not liable to very strong objections. It is a subject which the chemists and 
physiologists are pursuing with great ardour, and respecting -which there ii 
much to learn. That respiration and the absorption of oxygen are iati* 
mately concerned in the phenomenon is fairly inferred from the factthi^tke 
heat in different animals is proportioned to the quantity of oxyg^en whid 
they consume. It is certain, however, that other functions, such as die 
seeretions which are going on in every part of the body, are accompanied 
with a disengagement of heat. It is not to chemistry alone that we are to j 
look for an illustration of the point in question; the production of aaiflMl , 
heat is a process of vitality, and probably will never be perfectly imdao | 
stood, as the nature of lif<§ itself is one of those mysteries which it beioagf 
-to the Creator alone fully to comprehend (3 8). 1 

Emily. The heat of the blood is marVed on the thermometer at ninety 
•eight degrees. Must not the temperature of the body vary with that of tie 
atmosphere, with the gentleness or violence of our exercise, and other cir- 
cumstances? 

J^rs JB. All these circumstances make but little difference in the tempe* 
rature of our bodies, unless we judge by the surface only. A theftnometef 
held in the mouth of a person in health, would scarcely vary a single d^jee, 
whether it were tried in summer brJn winter, in the frigid or in the torrid 
zbne(39). 

CaroHne. But certainly when I run fast, or otherwise use great exer- 
cise, I am warmer than at other times? Yet your remarks would lead ID 
the conclusion that when I am overcome by the sensation of heat, I an 
really no warmer than when shivering with cold. 

Jifra JB. There is certainly a real difference in you, in the supposed 
^ses, but the difference exists at the surface only, and it is by the sorfaec 
that we judge of the sensation of heat. The animal heat is g^aerated 
within the body itself, and its equality is regulated by the process of perspi- 
ration which is perpetually going oji. Under ordinary cireumstancea tiut 
perspiration is imperceptible, yet the quantity of moisture which eseapei 
is considerable. When exercise is taken the perspiration is qaickened, 
and if greatly increased becomes sensible. In a healthy state it is always 



S6. What difficulty is stated, and what explanation has been giTen? 

%f. What remarks are made respecting this theory? 

S8. What farther remarks are made on the subject of animal heat? 

39. What is said respecting the temperature of the human hody> 
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pToportloBed to the ke«t generated in the body, and thus renders the exeess 
of it latent, npon the Mume principle that evaporation £rom llie earth lowers** 
Its teiiiperatare(40). 

JSmily. What admirable retonrees hai natore provided for as! B^ the 
produetion of animal heat, she sustains our bodies at a temperature above 
tluit of tlie inanimate substances by which we are surrounded; and whenever 
its supply becomes too abundant, the excess is carried oif by perspiration* 

«Mr« JB. When they are fairiy examined, and correctly estimated, we 
shall find all the operations of nature controlled and directed by Infinite 
'WisdoBA a^ Benevolence* Even in the spontaneous decay to which every 
tiuag* tlurt lives i$ eventually subjected, we may. Instead of the work of 
final destruction, perceive a well ordered provision; and discover the means 
by vrhieh a perpetual succession of forms, resplendent with beauty, and ani- 
mated by a spark from the Divinity, shall rise from the ashes of those be- 
iDg« whidi, having fulfilled the purposes of their creation, return to the 
eltemants from which they were originally produced(41}. 



« 



40. By what operation is this temperatare regulated? 

41. What are the condading remarks? 
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therefore, increase the temperature of the lungs. The hlood, as it stippllei 
the various secretions in every part of the hody, gradually returns to th8 * 
atate of venous hlood; and as it does so, the heat which went to satisfy the 
increased capacity, hecomes free, and is thus diffused(36). 

Emily, This theory seems altogether to remove the difficulty wliieh at 
first appeared to me insurmountable, and implies the principles of chemistry, 
in a very happy manner, to the explanation of one of the most interesting 
phenomena of the animal economy. 

Mrs B. You must not, however, receive this theory as incontestably , 
proved. Some eminent experimenters have denied the truth of the mahi \ 
fact upon which it is founded, and have asserted that arterial and venous \ 
hlood differ but very little in their capacity for heat. It has been ealeidated j 
also, that the quantity of heat given out by the body, very considerabi/ ( 
transcends that which would be produced by the combination of tiie earboD J 
and oxygen in respiration(37). 

Caroline, I am sorry that the superstructure, which I at first thought ib 
beautiful, stands upon a foundation so insecure; but perhaps^yoa are pie* 
pared to account satisfactorily for the fact you mention. '\ 

Mrs JB, There has not been a theory proposed to account for it, idiich 
is not liable to very strong objections. It is a subject which the chemists and \ 
physiologists are pursuing with great ardour, and respecting which there is 
much to learn. That respiration and the absorption of oxygen are inti* 
mately concerned in the phenomenon is fairly inferred from the fact thsU: the 
lieat in different animals is proportioned to the quantity of oxygen which i 
they consume. It is certain, however, that other functions, such as the 
secretions which are going on in every part of the body, are accompanied 
with a disengagement of heat. It is not to chemistry alone that we are to 
look for an illustration of the point in question; the production of animal \ 
heat is a process of vitality, and probably will never he perfectly undop* y 
stood, as the nature of lif; itself is one of those mysteries which it belong* 
..to the Creator alone fully to coroprehend(38), 

Emily. The heat of the blood is marked on the thermometer at ninety* 
•eight degrees. Must not the temperature of the body vary with that of ^ 
atmosphere, with the gentleness or violence of our exercise, and odier cir- 
cumstances? 

J\fr8 B, All these circumstances make but little difference in the tempe* 
rature of our bodies, unless we judge by the surface only. A theftnometef 
held in the month of a person in health, would scarcely vary a single degree, 
whether it were tried in summer orJn winter, in the frigid or in the torrid 
zbne(39). 

Carolina, But certainly when I run fast, or otherwise use great exer> 
else, I am warmer than at other times? Yet your remarks would lead to 
the conclusion that when I am overcome by the sensation of heat, I am 
really no warmer than when shivering with cold. 

J^ra B, There is certainly a real difference in you, in the aupposed 
^ses, but the difference exists at the surface only, and it is by the surface 
that we judge of the sensation of heat. The animal heat it generated 
within the body itself, and its equality is regulated by the process of perspi- 
ration which is perpetually going on. Under ordinary circum8taa«ei this 
perspiration is Imperceptible, yet tlie - quantity of moisture which eaoapes 
is eonsiderahle. When exercise is taken the perspiration is quiokened, 
and if greatly increased becomes sensible. In a healthy state it is always 

56. What difficulty is stated, and what explanation has been given? 

57, What remarks are made respecting this theory? 

58, What further remarks are made on the subject of animal heat? 

59. What is said respecting the teinperature of the human body? 
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proportioned to the heat generated in the body, and thus renders the excess 
of it latent, upon the same principle that evaporation from the earth lowera* 
^its temperatare(40). 

£mihf. What a^irable resourees hat nature provided for us! By the 
produetion of animal heat, she sustains our bodies at a temperature above 
that of Ihe inanimate substances by which we are surrounded; and whenever 
its supply becomea too abundant, the excess is carried off by perspiration. 

Mrs JB. When they are fairiy examined, and correctly estimated, we 
aball find all the operations of nature controlled and directed by Infinite 
Wisdom aij^ Benevolence. Even in the spontaneous decay to which every 
tUng* duit jiivet -is eventually suljeeted, we may, Instead of the work of 
final destruction, perceive a well ordered provision; and discover the means 
by which a perpetual succession of forms, resplendent with beauty, and ani- 
mated by a spark from the Divinity, shall rise from the ashes of those be- 
ings which, having fulfilled the purposes of their creation, return to the 
eliaments firom which they were originally produced(41). 



40. By what operation is this temperati^re regulated? 

41. What are the concluding remarks? 
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A GLOSSARY 

OF SUCH TERMS AS ARE NOT FULLY EXPLAINED W THE 

BODY OF THE WORK. 

Jterifrrm, The same as elastic floids. HaTing the form of air. Tiioae 

which exist in this form at all common temperatures are called permor 

nently ehutic fluids. Steam and other vapours are aeriform whilst they 

retain the heat which converted them into that state; but they become 

liquids, or non^elaatic fluids, by a reduction of their temperature. 

JilcohoL The pure spirit obtained, by distillation, from liquors which have 

undergone the yinous fermentation. This spirit when rectified, so as to 

separate it from the peculiar juices of the fermented liquor, is the same 

from all. Alcohol is sometimes called spirits of •wine} but what is sold 

under that name rarely deseryes to be denominated alcohol. What if 

called proof spirit, contains nearly as much water as alcohoL 

Aninud charcotU. When animal miatter is submitted to destmctiye distOla- 

tion, the black carbonaceous matter which remains in the retort is call* 

ed animal charcoal. Bones are frequcDtly so treated for the purpose 

of manufacturing ammonia. The residuum, when ground, is ivory, or 

bone, black. This is frequently called animal charcoal; it contains, ho v« 

eyer, the earthy matter of the bones, which is phosphate of lime. 

Annetding, Glass, steel, and some other substances become brittle if they 

are rapidly cooled after being made red-hot; whilst if cooled slowly this 

brittleness is in a greater or less degree prevented. This slow eoolii^ 

is called annealing. 

Calcareous. Lime, >and those earthy minerals which contain a lai^ poi> 

tion of lime, have received the name of calcareous earths. 
Calcination, Certain substances when changed by the action of fire are said 
to be calcined. The name calx was given to the oxide of a metal, when 
it was produced by the action of heat. Lime, magnesia, &c. when depriv* 
ed by heat of the water and carbonic acid with which they are amally 
combined, are said to be calcined. 
Causticity, The pure alkalies, the strongei* acids, and some of the metal- 
lic salts, which destroy the texture of the flesh, are said to be caustic* 
Chalybeate, Containing iron. Many mineral waters contain some salt of 

iron, usoally a carbonate; saeh waters are called chalybeate waters. 
Effervescence, When gaseous matter escapes rapidly from any mixtare> 
so as to occasion an appearance resembling boiling, the liquid is said to 
effervesce. In active fermentations there is an effervescence; whenever a 
stronger acid is poored upon an alkaline carbonate, a brisk efierretcenee 
ensaes from the escape of cafbonic acid. 
Empyreitma, That peculiar and very unpleasant odour which is prodoeed 
by heating yegetable and animal matter in close vessels, is called empy 
renma. If too much heat be applied in distilling vegetable subttaiices, 
a disagreeable taste and odour are aequired by the spirit, which are said 
to arise from empyreamatie oil. 
FrigoT\/ie mixtures. Those mixtnret the materials of whieh reaet upoi 
each other so as to eavte freesiBf . The cold produced rendts firan 
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the dIttofaitioB of wUdt, whioh in puttisg on the fluid form absorb 
caloric. 

A degree of cold mncb more intense than that of any known natural 
temperature, may be produced by such mixtures. The following Uble 
exhibits the power of some of them. 



JlSxturet, 



Muriate of ammonia 
Nitrate of potash 
Sulphate of soda 
Water 

Sulphate of soda 
Dilated nitric acid 

Snow 

Dilated sulphnrio acid 




S par#7 

2 5 

Sparts> 

3 3 



Thermometer tinks. 



Prom + 50»to + 4" 



From+50'to — 3* 



Snow Sparta? 

Muriate of lime crystallized S 5 

Snow 1 part ? 

Muriate of lime crystallized S 5 



Snow 8 parts 

Diluted sulphnrieaeid 10 



} 



From + 32«to 
From + 32* to 
From — 40° to- 



gs** 
50° 

73° 



Degrees of cold 
produced. 



46 



From — 68° to— 91* 



53 



55 



82 



33 



23 



Oasometer, An air holder, so constructed that the quantity of gas which it 
contains can be ascertained or measured. 

Geology. That branch of science which inquires into the structure of the 
etirth. The mineralogist ascertains the nature of the individual substan* 
oes of which the earth consists; whilst the geologist studies its architec- 
ture, or the general arrangement of the larger masses of which it is 
composed, and their positions relative to each other. 

Bydrometert. Instruments for ascertaining the specific gravities of liquids 
and other substances. These are described in the *' Conversations on 
Natural Philosophy." 

Hygrometers, Instruments which indicate the relative quantities of mois* 
ture contained in the atmosphere, in different places and at different 
times. 

Hygrometric moUture. That moisture, or watery vapour, which is not in a 
state of combination, and which will, therefore, affect the hygrometer as 
free caloric will affect the thermometer. 

'LaborcUory. A place furnished with apparatus necessary for the per- 
formance of the various operations in chemistry. 

Mineralogy. . That branch of science which inquires into the nature of the 
substances that constitute the mineral kingdom. The term mineral is de- 
rived fi*om the mines in which the greater number of these bodies are 
found; but in its most extensive acceptation it includes all the substances 
which are inorganic; or which, in other words, do not belong to the ani- 
mal or vegetable king^ms. Those minerals which exhibit the forms of 
organized matter, have received these forms from such matter having been 
penetrated by earthy or metaliio substances, which the organized bodies 
have thus moulded into their own peculiar shapes. Such minerals are 
termed /btstfo, or organic renudru, * 
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laline, or other matter, derived from the ground through which it pMtei. 
When the qumtity it eomidev>Me, and die water it mueh eiuHiged ia its 
tentihle properties, it theft beedwet a timnm ml water* 

Petrifaction, Animal and Tegetahle tubstaaeet freqaentlj appear to be 
eonTerted into stone; the external form being retained, whilst the tub- 
ttance is eompletelj changed. These are called petrifiictiont. Some 
waters have the propertj of effecting this change with considerable rapid- 
hji and thefe are called petrifying waters. (See Mineralogy.) 

Phlogiston. This name was formerly giyen to a principle which the older 
chemists imagined was contained in all combustible substances. They 
considered phlogiston as the principle of inflammability, or the yery es- 
sence of light and heat. It was thought that when a combustible had been 
burnt, it was deprived of its phlogiston, or was dephlogitticated. The 
light and heat emitted in combustion were supposed to be a consequence 
of the separation Of the phlogiston from the burning body; an^in order 
to render it again combustible, it was believed that the phlogiston must be 
restored to it. The metals, which we consider as simple bodies, were 
regarded as combinations of phlogiston with a simple body, different for 
each metal, called a calx, now known to be compound^ and denominated a 
metallic oxide. When this calx was brought back to the metallic state 
by heating it with charcoal, it was believed that the phlogiston, with which 
the metal had parted in its combustion, was restored to it by the charcoal. 

Pyrophorus, A substance which takes fire by mere exposure to the air. 
It is made by calciniog alum and sugar, or alum and flour together. Tlie 
product must be kept in a well stopped phial till wanted for use. 

(Quartz. The different kinds of minerals which consist almost exclusively 
of silex, are denominated quartz. In rock crystal the quartz it tymnets 
rieal in its form, bat it is frequently found transparent, without the crys- 
talline form. Many of the minerals of this family are opake. 

Radical, ^ term frequently used as synonymous with the word batU, 
Sulphur is the radical of sulphurous and sulphuric acids. Carbon is the 
radical of carbonic acid. 

Reagents, Substances employed as tests to discover the presence of any 
particular ingredient in a substance, or compound to be examined. Gal- 
lic acid is employed as a test, or reagent, to discover the presence 
of iron in a solution; the iron and the gallic acid react upon each other 
and produce a compound of an intense blue colour, which serves to show 
that the metal in question is contained in the mixture. 

Semi'metal This term is now obsolete, but it was formerly applied to 
those metals which are most readily oxidized, or changed, by the action 
of heat and air; whilst those which most powerfully resist the influence 
of these agents, were called perfect metals. 

Thermometer. An instrument for measuring, or ascertaining, tiie tempera- J 
ture of bodies. At page 47 the different kinds of thermometers now I 
used are described. Although Fahrenheit's, the Centigrade, and Reau- ^ 
mur's scales are differenUy divided, they may be readily compared with 
each other by observing the following rules. ^ ^ 

Nine degrees of Fahrenheit's scale are equal to five of the centigrade, ^ 
and to four of Reaumur's thermometer. Fahrenheit's is therefore reduced 
to the centigrade scale by multiplying by five, and dividing by nine? or 
to that of Reaumur by multiplying by four, and dividing by nine. By 
reversing the process either of these may b^rednced to Fahrenheit's 
scale. But it must be recollected diat Fahrenheit has fixed the zero at 
38 degrees of his scale below either of the others, they having their zero 
at the freezing point. This number 82, must therefore be either added 
or subtracted, as the case may be, in comparing Fahrenheit with either 
of the others. 
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To reduce eentigrade degrees to those of Fahrenheit, multiply by nine 
and divide by fire, and to Uie quotient add thirty-two. 

To reduce Fahrenheit's to the centigrade, subtract 32, then multiply 
the remainder by 5, and divide the product by 9. 

The same rules answer for Reaumur's and Fahrenheit's, substituting 
the number 4 for the number 5, in the foregoing examples. 
Vitri/icaiioiu The conversion of bodies into glass, by inten|e degrees of 
heat. The earths and metallic oxides generally, are capable of under* 
going vitrification, especially when mixed with each other. 
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INDEX 



TO THE EXPERIMENTS DESCRIBED IN THIS WORK. 



CowoersaHon 1. 

1. Copper may t>e dissolved va-'hilphuric acid by the aid of nitric acid» 
and eryiteis ^sulphate of copper obtained from the solution. See p. 19. 
/ S. If im acid be dropped into a solution of soap, the soap will be decom- 
i^osed. See p. 20. , 

d. If iron he put into a solution of sulphate of copper, the iron will be' 
dissSlred, and the copper precipitated. Set p. 20. 

4. If iron be dissolved in sulphuric acid, crystals of sulphate of iron 
(copperas) v^y be obtained from the solution. See p. 21. 

Conversation 2. 

5. The heat and Ught from a fire may be separated fi?oift each other by 
the intervention of a pane of glass. See p« 24. 

6. The two hands may be dipped together into the same fluid, and the 
sensation of cold experienced by one of them, and that of heat by the other* 
See p. 32. 

Conversation 3. 

7. Heat is conducted with difTerent degrees of celerity by the different 
metals. See p. 33. 

8. Water may be boiled in the upper part of a vessel, whilst ice remains 
at the bottom of it. See p. S5, 

9. JSther burnt upon the surface of water will not bommnnicate heat to 
that fluid. See p. 36. 

10. Beat may be reflected from polished metallic surfaces, and ooneen« 
trated in the focus of a mirror. S«e p. 38. 

11. The radiation of heat is greatly Influenced by the kind of surface 
possessed by the heated body. See p. 40. 

12. A blackened metallic vessel will be rapidly heated before a Are, 
whilst ane which is polished will remain cold for a considerable length of 
time. Seep. 42. 

~ Conversation 4. 
15. Bodies are expanded by being heated, A metallic ball which when 
cold exactly fits a brass ring, w31 not pass through *it when warmed. 
See p. 44. 

14. That the dijferent metals expand ^^erently may be shown by the 
pyrometer. See p. 45. 

15. Different fluido expand differently by the same degrees of hett. 
Seep. 46. 

16. That air expands may be shown by the air thermometer. See p. 48* 

Conve rsati om S. 

IKT. Water may be boiled in a Florenee flftak over a laiip, and the pro- 
eesi readily examined. See p. 5S* , 
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1^. Wtfer eontained in a flask, flmd elosely eoAed whiltt boHing, Vkaj 
afterwards be made to bmlviolently by the appUcaUon ofice^ or of eold water. 
See p. 57. 

19. Ether wiU boil in an exhausted receiver at a temperature belor^ the 
fireexing point of water, and will eonvert water into ice. See p. 60. 

90. The cold produced by evaporation mxj be rendered sensible bj 
dropping ether on the hand. See p. 61. 

21. Two liquids different in their Volatility maj be separated bj dis- 
tillation. See p. 63. 

Corvoersation 6. 

S2. Different bodies heated to the teme degree, contain different quanti- 
ties of caloric ; exemplified by copper, lead, and tin. See p. 68. 

24. The quantity of heat which will raise the temperature of a pound of 
mercury 28°, will eleyate a pound of water but l\ See p. 69. 

24. The rarefaction of air produces cold. This may be exhil^ited by 
placing a thermometer under a receirer on the air pump, and then exhausting 
the air ; its condensation produces heat. See p. 70. 

25. A thermometer placed In a vessel of ice or snow, the temperature of 
which is below the freezing poiiSt, will rise to 32** if the Teasel be. exposed 
to heat ; but as soon as the ice begins to melt, the thermometer will remain 
stationary. See p. 71. « 

"26. If a pound of water heated to 172^ be poured upon a pound of ice at 
32** the whole mixture will be of the temperature of 32°. 

27. The heat which converts boiling water into steam, does not, in the 
slightest degree, elevate its temperature. See p. 73. 

28. The steam produced contains a very large quantify of heat, which, 
although latent in Uie steam, may be rendered sensible. See p. 73. 

29. If common oalt be mixed vrith ice, a reduction of temperatiire may be 
produced amounting to about thirty-two degrees. See p. 7S, 

Corvoersation 7. 

SO. Two fluids, one a saturated solution of muriate of limCf the other a 
similar solution oi oulphate ofaoda^ on being mixed together, become toUd, 
and heat is disengaged. See p. 76. 

31. A solution of Glauber's salt saturated and corked up whilst at a boil- 
ing heat, will remain fluid when cold, until the stopper is removed, when 
it will instantaneously cryttallize, and give out heat. See p. 76. 

32. Water may be converted into iep by evaporation from itself under 
the receiver of an air pump. See p. 79. 

33. In the palm, or boiUng glass, water, or alcohol, may be made to boil 
by the heat of the hand. See p. 79. 

34. Water may be frozen, by evaporation from itself^ in the cryophorm 
invented by Dr Wollaston. See p. 80. 

35. Water may be frozen by exposing it to the influence of a solution 
of three different salts. See p. 80. 

Conversation 9. 

36. A peculiar taste, va^h flash of light, maybe produced by the conUct 
of two metals, placed in the mouth. See p. 96. 

37. Wires may be made to revolve by the combined action of electricity 
and magnetism. See p. 105. 

38. A similar effect may be produced by heat and magnetism combined. 
See p. 106. 

Cowoertation 10. 

39. The air of the atmosphere ie decomposed by a candle or other body 
being allowed to bum ia it See p. 108. 
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ConvertatiBn 11. 

40. A candle juat blown tna, may be reUghted by l^utting it into ajar of 
cncyf^n gas. See p. 114. 

41. Irtm •wire bums rery splendidly in oxygen gas, and will be increased 
in weight by the eombostion. See p. 114. 

42. Sulphur iphen burnt in oxygen assumes the gaseous form, and is eon« 
Terted into an acid. See p. 116. 

43. A blue vegetable infusion will become red if a minute portion of an 
aeld is added to it. See p. 118. 

44. A ^lece of potassium dropped into -watery will immediately take fire, 
and burn with great rapidity. See p. 119. 

45. A blue vegetable ifijmion trill be rendered green by the additioii 
of an alkali. 

'Conversation 12. 

46. By passing the vaponr of water over heated iron, the iron is oxidized, 
jmd hydrogen gas (inflammable air) produced. See p. 123. 

47. Water may be decomposed by the vollaic trough. See p. 124. 

48. By an apparatus properly arranged, the tivo gooses produced by its 
decomposition may be separately collected. See p. 125. 

49. Water may be decomposed, and hydrogen gas obtained, by the agency 
of iron and sulphuric acid. See p. 126. 

50. Bydrogen gas, issuing from a tube, will bum trith JlQme, See 
p. 128. 

51. Hydrogen will escape rapidly from an open vessel, with its mouth 
upwards, but if the yessel is inverted, it will remain in it for a considerable 
time. See p. 128. 

52. A receiver may be filled with hydrogen without the use of a pneu* 
matie cistern. See p. 129. 

53. A can^ may be repeatedly extinguished and relighted by means of 
% phial filled with hydrogen gas. See p. 129. 

54. If hydrogen is mixed -with atmospheric air, it will explode when ig- 
i^ted. See p. 130. ' ^ 

55. If hydrogen is burnt under a cold receiver, the water formed by the 
combustion will be condensed within it. See p. 131. 

56. Musical sounds may be produced by surrounding a burning jet of 
bydrogen by a tube. See p. 132. 

57. Soap bubbles Jilled -with hydrogen gas ascend rapidly in the atmos- 
phere. See p. 133. 

58. li JiUed -with a mixture of oxygen and hydrogen, and a taper be ap- 
plied to Uiem, they will explode with a loud report. See p. 134. 

Conversation 13. 

59. Sulphur may be sublimed, and converted into flowers of sulphur, by 
the agency of heat. See p. 136. 

60. Sulphurous acid is produced by the combustion of sulphur in at- 
mospheric air. See p. 137. 

61 « A red rose may be bleached by the vapour of burning sulphur. See 
p. 139. 

Conversation 14. 

68. Phosphorus burns with great splendor in oxygen gas. See p. 143. 

63. Words written, or subjects drawn with phosphorus, will appear 
buidnous in the dark. See p. 144. 

64. By dropping phosphuret of Ume into water, phospkuretted hydrogen 
will be produced, which will take fire spontaneously. See p. 146. 

65. The same gas may be procured by the action of caustic potash and 
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idkotphonis upon vater; and curious ring$ of vapour will be formed hy tbe 
combuttion of the gas. See p. 147. 

66. A solution of phospfiorua in oUve oil may bb made hy carefully mb- 
biug the former with a little of the latter, in a mortar, and then adding 
more oil. This fluid, if kept in a bottle partially filled with it and closely 
stopped, will exhibit a luminous appearance whenever the cork is witlb* 
drawn. See p. 147. 

67. A fountain off re may be produced by mixing some phosphorus with 
the materials for producing hydrogen gas. See p. 148. 

68. Pho8phoru9 burnt in a given portion of atmospheric ur, will de« 
prive it of its oxygen, and enable us to discover how much it contained. 
Hee p. 149. 

• 69, The same fact may be ascertained by the agency of hydrogen gas. 
See p. 149. 

Converaation 15. 

70. Fixed air (carbonic acid) is produced by the burnings of charcoal in 
oxygen gas. See p. 155. 

71. Water may be impregnated with carbonic acid hy means of Nooth's 
apparatus. See p. 157. 

72. Carbonic acid is much heavier than atmospheric air, and may be col- 
lected in an open yessel by very simple means. See p. 157. 

73. Carbonic acid may be poured from one vessel into another^ like a 
liquid. See p. 158. 

74. This gas may be agitated in an open vessel, like water, and the 
waves produced distinctly exhibited. See p. 158. 

75. Carburetted hydrogen, an inflammable gas, may be eollected frcun 
the mud of ponds, or other waters nearly stagnant. See p. 161. 

76. Hisavy^ carburetted hydrogen which bums brilliantly, and a laige 
quantity of charcoal, may be obtained from alcohol. See p. 162. 

77. Flame will not pass through t|ie meshes of fine wire gauze. See 
p. 163. 

Conversation 16. 

78. Ammonia may be disengaged from sal ammoniae, and collected in the 
gaseous form in an open vessel. See p. 169. 

79. On mixing two gases, carbonic acid and ammonia, they will combint 
and /orm a solid substance, carbonate of ammonia. See p. 171. 

Conversation 17. 

80. The breath contains carbonic acid, and will precipitate the lime from 
lime-water. See p. 174. 

81. Carbonic acid will precipitate lime from water, and redissolve ^e 
precipitate. See p. 174. 

Conversation 18. 

82. The reduction of a metal may be exhibited by heating red lead, 
mixed with pulverized charcoal, in a tobacco pipe. See p. 184. 

83. The same may be shown hy burtiing a common ioafer. Seep. 184. 

84. An alloy formed of bismuth, tin, and lead, may be fused upon paper, 
over a candle, without scorching the paper. See p. 187. 

85. By the oxy-hydrogen blowpipe, the metals, in general, may be burnt 
and volatilized. See p, 190. 

86. A mixture of flings of copper, or filings of iron, and sulphur, beated 
in a flask over a lamp, will combine, and light and heat will be emittfe^- 
although no oxygen gas is present. See p. 191. 
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Convertation 19. 

97. Neithea: nitric nor muriatie acid will diasolve goldy but -when the two 
are poured together, its solution is immediately effected. See p. 194. 

88. li 9. stream of hydrogen gas be made to blow upon spongy platinum^ 
the 'metal will become ignited, this will inflame the gas, which in its turo 
will light a taper. See p. 196. 

89. Writing, or ^rawing^ executed with a solution of nitrate of silver, 
opon linen, prepared by an alkaline solution, will produce indelible lines. 
This is ih& permanent marking ink. See p. 197. 

Conversation 20. 

90. By means of the voltaic battery the alkali and acid contained la a 
neutral salt may be separated from each other. See p. 205. 

91. By the agency of electricity an add may be made to pass through an 
alkali f without uniting with it. See p. 205. 

92. Sal ammoniac and quicklime are inodorous, but when rubbed to<- 
gether in a mortar, & powerful odour, that of ammonia, will be produced. 
See p. 206. 

' 93. If four parts of sulphuric acid be mixed with one part of water, both 
cold, their combination will produce a beat of upwards of 300°. Se« 
p. 207. 

Conversation 21. 

04. If 8tt*ong nitric add be pouredtipon pulyerized, fresh burnt, charcoal^ 
n vivid in^ammation will be produced. See p. 219. 

95. J>fitric add poured upon warm spirits of turpentine, will cause it to 
burst into aflame. See p. 219. 

96. If colourless nitric add be exposed to the' action of light, this agent 
will produce decomposition, and the acid will become coloured. See p. 219. 

Conversation 22. 

97. 1( nitrous gas, which is colourless, be suffered to escape into the at* 
mosphere, it will assume a deep orange red colour, and nitrous acid vapoor 
yill be produced. See p. 222. 

98. If pulverized charcoal, or sulphur, be mixed with nitre, and projected^ 
in small portions, into a red-hot crucible, a vivid combustion will takeplaee* 
affording an example of deflagration. See p. 228. 

99. A mixture of nitre, salt of tartar, and sulphur, forms fulminating 
powder, A few grains of it heated over the fire explode with a veiy loud 
report. See p. 229. 

too. A few grains of pulverized nitrate of copper, wrapped dexterously 
in tin foil, after being moistened, will cause the foil to ignite and emit 
sparks. See p. 230. 

Conversation 23. 

IQl. liprussiate ofpotassa, which is colourless, be dropped into a 8oIii» 
CioR of sulphate of iron, an intense blue colour will be produced, in eonse* 
qnenee of the formation of Prussian blue. See p. 232. 

102. Boradc add dissolved in alcohol, will cause its flame to assume a 
beanUfnl green colour. See p. 233. . 

103. The vapour of fluoric add may be used for etching upon glass, bj 
a very easy process. See p. 234. 

104. Fhio-sitidc add gas, in being absorbed by water, will depoaits 
apoa its tor&ce a perfect coat, or pane, of silex. See p. 2S4k 

105. Various metals in thin leaves, or fine filings, will if^ame andAtmi 
apontaaeiMisly in ehiorine; to alto will phoaphoms. Bee p. 838. 
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106. A red ro9e,piece8 of printed calico, and various other artieles, Zoie 
th^r colour by immersion in chlorine. See p. 238. 

107. If hydrogen and chlorine be mixed together, and inflamed by the 
electric spark, an exploHon will be prodaced, and muriatic acid will bt 
formed. See p. 240. 

108. The direct action of the aolar ray will produce an expUdon in a 
mixture of chlorine and hydrogen. See p. 240. 

Conversation 24* 

109. If a receiyer filled with chlorine be allowed to stand orer a lolutioa 
of muriate of ammonia, chloride of nitrogen will be formed; a compound 
which explodes tdth great violence. See p. 243. 

110. A few grains of loaf sugar, mixed with half the quantity of dUarotr 
tfpotOrSsa, will injlame if touched by sulphuric acid. See p. 244. 

111. MJatches first dipped in sulphur, and afterwards in a mixture of 
ehlorate of potassa, loaf sugar, and sulphur, with a little gum water, viQ 
inflame if dipped into a phial containing sulphuric acid. Asbestos is put 
into the phial, as cotton is often used in inkstands. See p. 245. 

112. If phosphorus^ cut into small pieces, be put into a glass with some 
ehlorate of potassa, and the glass be filled with water, on pouring sulphnria 
H^td so as to run down the inside of the glass, and come in contact with thg 
§^t, the phosphorus will be inflamed under loader. See p. 245. 

lis. a chlorate of potassa and sulphur be rubbed together in a mortari 
a series of explosions, tike the reports of pistols, will be produaed* See 
p. 245. 

114. U sulphur, or the flings of a metal, be mixed with the chlorate, a 
blow will cause the mixture to explode vnth a loud noise. See p. 245. 

115. U muriatic acid smd ammonia, boUi in the gaseous state, be brought 
into contact with each other, they will combine and form a solid salt, 1h» 
muriate of amn^onia. See p. 248. 

116. If a leaf of gold he put into nitric acid, and another into muriatic acid, 
they will remain undissolved, but upon pouring the two togetha:* mdvHou 
wiU be immediately effected. See p. 250. 

117. If a few grains of iodine are heated in a closed glass retort, or re'» 
•elver, a beautiful violet coloured gas will be produced. See p. 252. 

Conversations 25, 28, and 30. 

118. If equal parts of crystallized sulphate of soda and nitrate of ammo- 
nia are rubbed together in a mortar, the tv;o soUd salts will be converted 
into ajhdd. See p. 256. 

119. If sulphate of copper and nitrate of potassa be dissolved together hi 
hot water, the two salts will crystallize separately on allowing the solution 
to become cold. See p. 257. 

120. If a solution of gall nuts, and a solution of sulphate of iron, both 
nearly colourless, be mixed together, they will become intensely blue, ap- 
proaching to black. This is an example of the formation of ink. See p. 285. 

121. If a coil of platina wire be heated, and then held over alcohol or 
ether, at a little distance from the surface of the liquid, the wire w^ll be- 
come, and continue, of a glowing red colour, occasioned by the eomhualion 
of the vapour. The aplUogistio lamp, p. 297, shows this effect in a very 
pleasing manner. I 

122. If aaolution of gelatine (common glue] be mixed with a solution of r 
gall nuts, or of oak bark, a copious precipitation will take place. This is | 
fMi exampAa «f (h»/snv«e»on -tf leather. See p. 302. 
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Absorbent yesseU, 306 
Absorption of calorie, 77 
Acetate of lead, 201 

copper, 200 
Acetic acid, 297 
Acetoas fermentation, 297 
Acidifying principle. 111, 141 
Acids, 116 
Adipocire, 304 
Aeriform, 44, 57, 107 
Affinity, 18, 20, 204 
Air-holder, 189 
Air and gas, 107 

pump, water frozen by, 60, 79 
balloons, 128, 132 
Albumen, 300 
Alchemists, 14 
Alcohol, or spirit of wine, 62, 296 

decomposition of, 161 
Alembic, 62, 161 
Alkalies, 116, 118, 165 

Tegetable, 283, 285 
Alkaline earths, 165, 173 
Alloys, 186 

fusible, 187 
Alum, or sulphate of alumine, 179, 

258 
Alumina, or alumine, 179 
Aluminum, 180 
Amalgam, 194 
Amber, 288 

Ammonia, or Tolatile alkali, 168 
Analogy, 17 
Analysis, 17 

of vegetables, 282 
Anhydrous salts, 255 
Animal matter, constituents of, 279 

acids, 302 

heat, 311 

oils and fats, 303 

chemistry, 299 
Anthracite, 289 
Antimony, 203 
Aphlogistic lamp, 297 
Ai^ua forlis, 22, 218 
Aqua regia, 194, 350 
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Arrow root, 292 
Ai^il, 179 
Arsenic, 202 

and arsenious acids, 202 
Arteries, 308 
Arterial blood, 308 
Asphaltum, 289 
Astringent principle, 895 
Atmosphere, 106, 158 

its pressure influences 
the boiling point, 56, 
61 
Atomic theory, 211 

weights, 212, 226 
Attraction of aggregation, or cohe- 
sion, 18 
Attraction of composition, 18, 20 
Azote, or nitrogen, 107, 121 

Balloons, air, 132 

Barium, 176 

Bark, 301 

Barometer, 59 

Baryta, or barytes, 175 

Bases, 107 

Base of acids, 117 

gases, 107, 110 

salts, 120, 154 
Basis, or mordant 294 
Bell metal, 186 
Bile, 307 
Bismuth, 302 
Bitumens, 289 

Black lead, or plumbago, 199 
Bleaching, 138, 238, 249 
Blende, 202 

Blowpipe, ozyhydrogen, 188, 191 
Blood, 306 
Bloodyessels, 308 
Boiling point, 47, 73 

water, 55 

in TBdio, 57 

point of different fluids^ 56 

glass, 79 
Bones, 142 
Boracie acid, 233 
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Boroiiy SS3 

Borate of soda, or bona, 338 

Brandy, 63 

Brass, 186 

Bromine, 252 

Bread, 292, 298 

Bricks, 179 

Bronze, 200 

Babbles, soap, filled with hydrogen, 

133 
Burning glass, 86 
Buttermilk, 305 

Calamine, 202 

Calcareoas earths, 175 

Calcined magnesia, 176 

Calcium, 175 

Calomel, 25 

Caloric, 37 

absorption of, 42 
conductors of, 30, 33 
•ombined, 27, 28, 65 
expansive po ver of, 43, 45, 48 
equilibrium of, 28 
reflection of, 42 
radiation of, 29, 36 
aolvMit power of, 58^ 81 
capacity for, 65, 71 
spe^fic, 67, 70 
offiaidJtf,7«. 

Calorimotor, 103 

Camphor, 287 

Caoutchouc, 288 

Capacity, heat of, 71 

Carbonates, 156 

Carbonate of ammonia, 171 
lead, 201 
lime, 156, 173 
magnecia, 176 
potassa, 166 

Carburetted hydrogen gas, 159 

Carbon, 150 

Carbonic acid, 154 
oxide, 159 

Carburet of iron, 199 

Caseoua matter, or o«rd, 304 

Caustic, 167 

Cementation, 199 

Ceruse, 201 

Chalk, 156, 173 

Charcoal, 150 

indestmctihility ol^ 153 

Cheese, 305 

Chemical attraotkm, 18, 20, 204 
miracle, 76, 256 

Chemistry, 15 

China, 177, 179 



Chlorate of potassa, 240 
Chloric acid, 242 
Chloride of nitrogen, 243 
sodium, 246 
lime, 249 
mercury, 251 
Chlorine, 237 
Chloriodic acid, 252 
Chromate of iron, 202 
Chrome, 181, 203 
Chromic yellow, 203 
Chyle, 306 * 
Chyme, 306 
Cinchonia, 285 
Cinnabar, 197 
Citric acid, 284 
Circulation of the bloiod, 308 
Clay, 179 
Clouds,. 84 
Coke, 289 
Copal, 287 
Coal, 289 

CorrosiTe sublimate, 251 
Cobalt, 200, 203 
Cold, 31, 85 

from eraponiition, 61 
appai*ent radiation of, 39 
Colours, adjective and subatantiTe, 
294 
of metallic oxides, 120 
Colour influences radiationji 41 
Colouring matter, 293 
Columbium, 202 
Combined caloric, 28, 70 
Combustion, 107, 109 

volatile products of^ 110 
fixed products of, 110 
of alcohol, 296 
by oxymuriatic acid, 

or chlorine, 238 
of carbon, 154 
of charcoal, by nitric 
acid, 219 

ofcandles, 108, 114,160 

of diamonds, 155 

of ether, 38 

of hydrogen, 128, 131 

of iron, 114 

of metals, 188 

of metals by chlorine, 

238 
of oil of turpendne, by 

nitric acid, 219 
of phosphorus, 143 
of sulphur, 116, 137 
of potassium, 119 
supporters o4 109 
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Combustion, spontaneoas, S86 
in chlorine, 838 
' of metals by eblorate of 
potassa, 345 
Compound bodies, 17 
Condensation producing^ heat, 69 

of steam, 73 
Conductors of heat, SO 

solid, 31, 33 
fluid, 33, 34 
Count Rumford*8 
tiieoiy of, 34 
^Constituent parts, 16 
Copper, 300 
Copperas, 30, 139 
Copal, 387 

Couronnedeatatseff 98 
Cr^am, 304 
Crassamentum, 309 
Cream of tartar, or bitartrate of 

potash, 384 
Crucibles, 338 
Cryophorus, 80 
Crystals, 258 
Crystallization, 76, 356 
Crystallography, 359 
Curd, or caseous matter, 304 
Cyanic acid, 333 
Cyanogen, 331 

Davy's safety lamp, 168 

Decomposition, 16 

of atmospherical air, 

108, 148 
of salts, by the yoltaio 

battery, 304, 305 
of vater by metals,. 

133, 185 
of water by potat» 

sium, 119 
of water, by the toI- 

taio battery, 184 
of vegetables, 388 
of potash, 118 
of soda, 118 
of ammonia, 170 
of boracic acid,' 333 
of muriatic acid, 335 

Deflagration, 338 

Definite proportions, 310 

Derbyshire spar, 333 

Deliquescence, 354 

Dephiogisticated air. 111 

Detonation, 339 

Dew, 83 

Diamond, 151 

Digestion, 307 ^ 



Dissolution of metals, 101, 184 
DisUllation, 63 

destructive, 381 
Double elective attraction, SOft 

% salts, 358 
Drying oils, 386 
Ductility, 187 
Dyeing, 394 

I 
Earths, 173 
Earthenware, 177, 179 
Efflorescence, 354 
Elaine, 303 
Elastic fluids, 44, 57 
Electricity, 86 

voltaic, 95 
by induction, 91 
Electric, or Leyden jar, 90, 93 
Electric machine, 89 
Electro-positive bodies, 101 
Electro-negative bodies, 101 
Electro-magnetism, 104 
Elective attraction, 33 
Elementary bodies, 16 
Enamel, 178 
Epsom salt, 177 
Equilibrium of calorie, 38, 81 
Equivalents, 336 
Essences, 387 

Essential, or volatile oils, 886 
salt of lemons, 883 
Etching on glass, 834 
Ether, 396 

water frozen by its erapom* 
tion, 60, 77 
Evaporation, 54, 78 
Euchlorine, 343 
Eudiometry, 148 
Eudiometers, 149 
Exhilarating gas, 384 
Expansion by calorie, 43 
of solids, 44 
of liquids, 45 
of gases, 48 

Falling stones, 180. 

Fats and oils, 303 

Fecula, 898 

Fermentation, 894 

Ferrocyanate of iron, or Prussian 

blue, 331 
Fibrin, 399 
Fire, 16 
Fish glue, 301 
Fixed air, or carbonic acid, 154 

alkalies, 165 

oils, 386 
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Fixed products of eombusUon, 110 

Flame, 160, 162 

Flint, 177 

Fluidity, 53,72 

Fluoric acid, 233 

Fluate oflime, 233 

Fluosilicic acid gas, 234 

Fluorine, 235 

Fluxes, 184 ^ 

Fog, 84 

Forms of bodies, 43 

Fountain of fire, 148 

Free caloric, or heat of temperature, 

28 
Freezing mixtures, 75, 80, 315 

point, 47 

water by evaporation, 78 
ether, 60 
Fulminating powder, 229 

silver, 197 
Fulminic acid, 197 
Furnace, 123 
Fusible alloy, 187 
Fusion, 43, 52 

of the pure earths, 190 

Galena, 201 
Gall nuts, 285 
Gallate of iron, 285 
GaUic acid, 284 
Galvanism, 95 
Galvanic pile, 96 

battery, 97, 98 
Gas, 107 

simple, 107 
Gases penetrate membranes, 310 
Gas-lights, 160 

Gases absorbed by charcoal, 154 
combine by volumes, 212 
Gaseous oxide of carbon, 159 
Gas-holder, 189 
Gastric juice, 307 
Gelatine, or jelly, 300 
Gilding, 194 
Gin, 63 
Glands, 306 
Glass, 168, 178 
Glauber's salt, or sulphate of soda, 

235 
Glazing, 179 
Gliadine, 292 
Glucine, 180 
Glue, 301 
Gluten, 292 
Glycerine, 303 
Gold, 193 
Gam, 291 

elastic, or caoutchouc, 288 



Gum resins, 288 
Gunpowder, 229 
Gypsum, plaster of Paris, or&ulplute 
of lime, 175 

HaU, 84 

Hare's blowpipe, 188 

Harrowgate water, 140 

Hartshorn, 169 

Heart, 310 

Heat, 27 

of capacity, 65, 71 

free, 28 

latent, 28, 70 

radiant, 28 

sources of, 28 

specific, 67, 70 

passes through transparent AM- 
dia, 85 

from combustion, 109 
Honey, 291 
Horns, 300 
Hydracids, 231 
Hydrates, 255 

Hydrocarburet of chlorine, 243 
Hydrogen, 121 

gas, 122, 126 
Hydrofluoric acid, 235 
Hydrocyanic acid, 231 
Hydrosulphuric acid, l4l 
Hydrosulphurets, 142 
Hydi-ochloric acid, 242 
Hydriodic acid, 251 
Hyponitrous acid, 224 

Ice, 60, 71, 74, 78 

IchthyocoUa, 301 

Jelly, or gelatine, 300 

Ignis fatuus, 144 

Ignition, or incandescence, 43, 64 

Imponderable agents, 23 

Incompatible salts, 256 

Inflammable air, 122 

Inflammables, simple, 135 

Ink, 285 

Integrant parts, 16 

particles, 262 
Iodine, 251 
Iodic acid, 252 
Iridium, 196 
Iron, 198 

meteoric, 198 
Isinglass, or ichthyoQolla« 301 

Lac, 287 

LActeals, 306 

Lakes, 294 

Lamp without flame, 297 
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LAtent heat, 28, 70 

Lead, SOO 

Leather, 302 

Life, 879 

Lig^nin, 293 

Light, 24 

from oombttstion, 109 
and heat separable, 24, 39 
chemical effects of, 25 

Lightning, 87, 94 

Lime, 77, 173 

Lime-'water, 173 
stone, 173 

Linseed oil, 286 

Liquefaction, 43, ^ 

of gases, 107 

Lithia, 166 

Litharge, 201 

Loadstone, 200 

Lunar caustic, or nitrate of silver, 196 

Lungs, 310 

Magnetic needle, 200 
Magnesia, 176 
'Magnesium, 177 
Malic acid, 284 
Malt, 292 
Malleability, 187 
Malleable metals, 187 
Manganese, 111, 186 
Manna, 291 
Manure, 175 
Marble, 156 

Marg^ric acid, 303 

Marine acid, or muriatic acid, 835 

Markmg ink, 197 

Mastic, 287 

Match lights, 245 

Mercury, 77, 173, 197 

forms amalgams, 194 

Metallic acids, 202 

oxides, 116, 186 
salts, 185 

Metals, 181, 192 

date of their discovery, 193 
their distingiushing proper- 
ties, 182 

Meteorology, 84 
Aleteoric stones, 180 

Milk, 304 

Mineralizer, 183 

Mineral uraters, 134 

Minium, 201 

Miners' lamp, 162 

Miracle, chemical, 76, 256 

Molybdenum, 202 

Mordant, or basis, 294 

Morphia, 285 
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Mortar, 174 

Mucilage, 291 

Muriatic acid, or marine acid, 2S5 

Muriate of ammonia, 159, 247 

lime, 76, 248 

soda, or common salt, 235, 
246 

magnesia, 247 
Musical tones by hydrogen, 132 
Muscles of animals, 300 

Naphtha, 164, 299 

Narcotine, 285 

Natural philosophy, 14, 15 

Nascent state of a gas, 145 

Negative electricity, 83 

Neutralization, 119 

Neutral salts^ 119 

Nickel, 181, 200 

Nitre, nitrate of potash, or saltpetre, 

20, 227 
Nitric acid, 22, 217 

oxide, 216, 221 
Nitrogen, or azote, 107 
Nitromuriatic acid, or aqua regis, 

194, 250 
Nitrous acid gas, 185, 216, 222 

gas, or nitric oxide, 216, 221 
oxide, 216, 224 
Nitrates, 227 

Nitrate of copper, 185, 200, 221 
ammonia, 224 
potash; nitre, or saltpetre, 

20, 227 
silver, or lunar oaustioi 196 
lime, 227 
Nomenclature, 117 

of acids, 117 

of oxides, 120 

of salts, 120 

(^ double, or triple 

salts, 258 
of sulphurets, &c. 140 
Nooth's apparatus, 157 
Noyeau, 231 
Nut-galls, 285 

oil, 286 
Nutrition, 306 

Oils, fixed and volatile, 286 

Oils and fats, animal, 303 

Oil of vitriol, or sulphuric acid, 19 

78, 117, 139 
Oleic acid, 303 
Olefiant gas, 162, 243 
Olive oil, 286 
Ores, 183 
Organized bodies, 152, 278 
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Organs, S79 

Osmazome, SOI 

Ownwim, 196 

Oxalic acid, ltl> 884 

Oxides, 116 

Oxide of- manganese. 111 

iron, 115 

lead. 111 

mereiixy» 111 
Oxidation, 116 

of metals, 184 
Oxygen, 100, 107, 111, «Kr, 844 

a constituent of water, 188 
Oxjbydrogen blowpipe, 188, 191 
Oxjmariatio acid, 238 
Oxymuriate of potassa, 843 

Palladium, 196 

Palm glass, 79 

Panary fermentation, 898 

Particles, 19 

Pearlash, 167 

Percussion powder, 346 

Perchloric acid, 248 

Perfect metala,184 

Perfumes, 886 

Peroxide of chlorine, S48 

Permanent salts, 8i4 

Perspiration, JIS 

Petroleum, 889 

Pewter, 186, 801 

Pharmacy, 14 

Philosophieal eaadle, 138 

Phosphate of lime, 148 

Phosphuret of lime, 146 

Phosphuretted hydrogen gas, 144, 

147 
Phosphorescenee, 86 
Phosphoric acid, 143 
Phosphorus, 111, 148 

dissoWed in oil, 147 
Phosphorous acid, 144 
Pitch, 889 

Plaster of Paria, 174 
Platinum, 195 
PlaUna ignited by a stream of ^ydro* 

gen, 196 
Platina sponge, 195 
Plumbago, or black lead, 199 
Pneumatic chemistry, 118 

cistern, 118, 186 
Porcelain, 177, 179 
Positive electricity, 88 
Potassium, 111, 118 
Pottery, 179 

PoUssa, or potash. 111, 118, 166 
Pulse ^ass, 79 
** "ipitation, 80 



Pressure of the atmosphere, 56, 61 
Primary forms of crystals, 260 
Protoxide of nitrogen, or nitroua 

oxide, 816 
Protoxide of chlorine, or euchlorine^ 

848 
Proximate principles of v^^tables, 

888 
Prusstate of bon, 831 

poUsh, 838 
PruBsic acid; 231 
PutrefacUye fermentation, 898 
Pyrites, or metallic sulphurets, 188 
Pyrometer, 44 

Wedgwood's, 50 
Pyroligneous acid, 898 

Quicklime, 77^ 173, 197 
Quinine, 285 

Radiation of caloric, 29, 36, 82 

Pictet's experiments on, 38 
ILieslie's illustrations of, 40 
influence of colour on, 41 

Rarefaction of air, 70, 85 

Rain, 84 

Reagents, 118 

Receiver, 64 

Rectification,63 

Red precipitate, 198 
lead, 201 

Reduction of metals, 183 

Refection of caloric, 42 

Regultts of antimony, 203 

Rennet, 305 

Resins, 287 

Respiration, 310 

Retort, 64 

Rhodium, 196 

Roasting metals, 183 

Rochelle salts, 284 

Rock-crystal, 177 

Rosin, 287 

Ruby, 180 

Rum, 63 

Rust, 115 

Saccharine fermentation, 895 

Safety lamp, 168 

Sal ammoniac, or muriate of ammo- 
nia, 169, 847 

Sal volatile, or carbonate of ammo« 
nia, 171 

Salifiable bases, 180 

Sandarach, 887 

Saltpetre, nitre, or nitrate of potash, 
20 

Salts, 180, 253 
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Salts decomposed by cleetrieitj, S04, 
205 
separation of, from eaeh other, 
256 

Sand, trr 

Sap of plants, 282 

Sapidilj of salts, 254 ' 

Saponification, SOS 

Sapphire, 180 

Saturation, 59 

Seas, temperature of, 51 

Secondary forms of crystals, 260 

Secretions, S07 

Selenie aold, 232 '^ - ' < ' ' ' 

Selenium, 232 

Seltlzer water, 156 

Sensible hea^ 28 

Serum, 309 

Shells of fishes, 174 

Silez, or silica, 177 

Silicon, 179 

Silver, 196 

Silvering looking glasses, 197 

Sim)[>le affinity, 22 

Simple bodies, 17 

inflammables, 135 

Size, 301 

Skins, 301 

Slaking of lime, 77 

Smalt, 203 

Smelting metals, 183 

Smoke, 110 

Snow, 84 

Soap, 167, 303 

bubbles, 132 

Soda, 111, 118, 168 
water, 156 

Sodium, 111, 118 

Solar phosphor!, 26 

Soldering, 188 

Solubility of salts, 254 

Solution, 57, 257 

by the «ir, 81 
of potash, 119 

Specific heat, 67 

Speltre, 202 

Spirits, 62, 161 

Spongy platinum apparatus, 196 

Spontaneous decomposition, 280 

Starch, 292 

Stearine, 303 

Stearic aeid, 304 

Steam, 57, 73 

Steam engine, 266 

piston and cylinder, 268 
stuffing box, 268 
boiler andfiimaoe, 268 
safety valTe, 271 



Steam engine, condenser, 269 ' 
atmospheric, 272 
Watt's, .273 
parallel motion, 276 
high ]pre«»ure, 277 
Steel, 199 
Still, 62 
Stomach, 306 
Stones, 172 

meteoric, 180 
Strontites, or strontia, 176] 
Strontium, 176 
Sublunation, 136 
Sugar, 290 

of milk, 304 
Sulphates^ and sulphites, 120 
Sulphate of alumiae, or alum, 179, 

258 
Sulphate of copper, 19, 200 
iron, 21, 139 
lime, gypaum, or plaster 

of Paris, 174 
magnesia, or Epsom salt, 

177 
soda, or Glauber'a salt^ 

76, 235 
zinc, or white vitriol* 202 
Solphnr, 116, 13S 

flowers of, 136 
Sulphuretted hydrogen gas, 140 
Sulphorets, 140, 182, 191 
Sulphuret of carbon, 164 
Snlphttr^s acid-, 117, 138 
Solphurie acid, 19, 78, 117, 139 
Synthesis, 17 

Tannih, 293 

Tanning, 301 

Tar, 289 

Tartar emetic, or tartrate of antimo- 
ny and potassa, 284 

Tartaric acid, 284 

Tartrate of potash and soda, 258 

Tellurium, 202 

Temperature, 28, 81 

Tests, or reagents, 118 

Thaw, 82 

Thermo-magnetism, 106 

Thermometers, 46, 59 

Fahrenheit's, 47 
Reaumur's, 47 
Centigrade, 47 
air, 48 
differential, 49 

Thorina, 172, 180 

Thunder, 87, 94 

Tin, 186, 201 

Titanium, 200 



